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The management of municipal solid waste has become a matter of global concern.  Due to 
rapid increase of urban populations, economic growth and the associated change in consumer 
habits and production patterns, waste generation has reached alarming rates.  Even though 
African countries currently produce the least waste, if waste generation trends continue, sub-
Saharan Africa will be the global leader in waste generation by the end of this century.  Solid 
waste generation is overwhelming authorities in developing countries.  Despite substantial 
progress in the management of solid waste using integrated solid waste management 
practices, many developing countries seem to still be struggling to manage waste and its 
associated impacts in a sustainable manner.  Numerous barriers, such as rapid urbanisation, 
insufficient budget, poor infrastructure, etc., result in poor waste management practices, 
uncontrolled dumping of waste and open burning of waste. 
The City of Johannesburg experiences the same challenges in the management of solid waste.      
To aggravate the situation, it is estimated that Johannesburg only has 4.54 years of airspace 
left in landfills. It is therefore important to find ways of extending the life span of existing 
landfills and separation of waste at household level is one of the simplest ways to accomplish 
diversion of waste from landfill.    Therefore, this study investigated the recycling behaviour 
of residents and drivers of recycling participation. 
A mixed method research approach and two questionnaires were used to conduct this study.  
The first questionnaire investigated recycling behaviour, and 1 019 respondents completed 
the questionnaire.  The second questionnaire had 398 respondents and explored the drivers 
for recycling participation.  Both descriptive and inferential statistics were used to analyse the 
quantitative data and content analysis was used for the qualitative data. 
Although respondents had high levels of agreement on the benefits associated with recycling, 
this did not manifest in positive environmental behaviour.  The findings of the study showed 
that only 11.1% of respondents could be considered as committed recyclers and the main 
reasons for non-participation were lack of time (36.5%) and space (33.6%).  Various measures 
to increase recycling participation were identified, and the measure suggested by the majority 
of respondents (64.6%) was education and knowledge about recycling and how to participate.  
A multivariate analysis was performed to determine the relationship between socio-




recycling participation, namely age, race, employment status, education level and residence 
type.             
Socio-demographic variables, attitude, subjective norm, perceived control, moral norm, 
situational factors, outcomes and consequences of recycling were investigated as drivers of 
recycling participation.  The most positive aspects were the attitude of respondents towards 
recycling where almost three-quarters (74.3%) of respondents strongly agreed recycling is 
good, followed by recycling is useful (72.3%). Exploratory factor analysis was used to 
determine the number of factors correlated with recycling participation.  Three factors were 
identified, namely recycling benefits, perceived control and situational variables.  The 
recycling benefits construct explained 45.6% of the variance, followed by the perceived 
control construct (11.8%) and the situational variables construct explained 11.1% of the 
variance.  A multiple regression analysis was performed to determine the factor that had the 
greatest influence on recycling participation.  Situational variables made up both the largest 
unique (beta = .410, p < .001) and relative contribution (7.0%) to recycling participation and 
can therefore be seen as the main driver of recycling participation. 
The study concluded that even though respondents had a good knowledge of the benefits of 
participating in recycling, this mostly did not result in positive environmental behaviour where 
household waste was separated and recycled.  Education and knowledge about recycling was 
identified as the measure that would increase participation in recycling programmes.  It is 
therefore recommended that the City of Johannesburg revisit their marketing and 
advertisement campaigns of recycling programmes and provide the necessary information to 
residents to participate in recycling.  A further recommendation is to make a minor 
adjustment to the current recycling programme and introduce a receptacle that is used for 
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CHAPTER 1:  INTRODUCTION AND PROBLEM STATEMENT 
1.1 Background 
The rapid increase in urban populations, economic growth together with the rise in 
consumption patterns have accelerated the rate of municipal waste generation which has 
become a matter of global environmental management concern (Zotos et al., 2009; Al-Khatib 
et al., 2010; Marshall and Farahbakhsh, 2013).  Local governments in especially developing 
countries face numerous challenges in solid waste management (SWM) such as the increase 
in municipal waste, limited budgets, lack of skilled staff that understand the factors that affect 
waste management, low participation rates in recycling programmes, and lack of suitable land 
for new landfills (Oyekale, 2015; Filho et al., 2016; Kirama & Mayo, 2016; Schoeman & 
Schmidt, 2016).  
SWM has two components, namely waste management that reduces the environmental 
impact of municipal solid waste and waste reduction (Miller & Spoolman, 2011).  Marshall and 
Farahbakhsh (2013) and Dos Muchangos et al. (2017) call for the use of an integrated waste 
management approach that is comprised of a variety of strategies for both waste reduction 
and waste management.  To achieve integrated solid waste management (ISWM), many 
countries adopted a waste hierarchy system that entails prevention, recycling, reduction, 
recovery, disposal, and discarding of waste (Schall, 1992; McDoughall et al., 2001; Gertsakis 
& Lewis, 2003; Marshall and Farahbakhsh, 2013).  Based on options specified in the waste 
hierarchy, decisions are based on the most environmentally sound way to deal with waste.  
These decisions require information on the nature of the waste, legislative issues, 
environmental impacts and the technical feasibility options such as the available services, as 
well as the existing solid waste processing and handling equipment (Landon, 2006).  Most 
developed countries are successful in the implementation of ISWM – for example Germany 
(Schwarz-Herion et al., 2008) and Sweden (Linden & Carlsson-Kanyama, 2003).  Wilson et al. 
(2013) reported that developing countries made significant progress in adopting ISWM, but 
numerous challenges still exist, and low recycling rates are a major concern.  According to 
Guerrero et al. (2013), municipalities in developing countries fail to manage solid waste due 
to financial factors and the unwillingness of the users to pay for services.  The magnitude of 




management services effectively (McDoughall et al., 2001; Othman et al., 2013; Filho et al., 
2016; UNEP, 2018a). 
South Africa, as a developing country, faces similar challenges in the management of waste.  
Waste disposal at landfill sites is generally considered as the most practical waste 
management method in South Africa.  Furthermore, economic development, urbanisation 
and population growth will inevitably result in an increase in the amount of waste generated 
(DEA, 2011a; DEA, 2016a; Greben & Oelofse, 2009).  This requires establishing and 
implementing effective waste management policies and programmes with special attention 
given to waste prevention, minimisation and avoidance where possible. 
The adoption of the waste management hierarchy of avoidance, reduction, reuse, recycling, 
recovery and treatment and disposal has been policy since 2009 (DEA, 2016a).  The waste 
hierarchy was prioritised with the promulgation of the National Environmental Management: 
Waste Act (hereafter referred to as the Waste Act) (Act No. 59 of 2008) and finalisation of the 
National Waste Management Strategy (NWMS) (DEA, 2011b).  The aim of the waste hierarchy 
is to reduce the reliance of South Africa’s waste disposal on landfills.  The purpose of the 
NWMS is to achieve the objects of the Waste Act and government and local government 
authorities are obliged to give effect to the NWMS (DEA, 2011b).  The Department of 
Environmental Affairs (DEA) in the NWMS identified 10 main challenges regarding waste 
management in South Africa.  According to the DEA (2011b) in the NWMS, these challenges 
are the increase in waste volumes, historical backlog of waste services, lack of data, the waste 
management hierarchy that is not promoted in the policy and regulatory environment, 
absence of recycling programmes and infrastructure, not enough capital investment, 
consumers and industry not aware of the costs of waste management, few waste treatment 
options available and not enough landfill waste management facilities.  The DEA (2016a) 
further identified a number of issues that continue to be challenges for effective waste 
management.  These include:  lack of compliance and enforcement capacity, lack of education 
and awareness amongst stakeholders, ineffective data collection systems, operational costs 
for management of waste, support for waste reduction at local government level, availability 
of suitable land for waste disposal and lack of structured incentives for reduction, recycling 




The NWMS relies on participation of government, private sector and civil society and this 
study investigates civil society as identified by the NWMS.  In order to implement the Waste 
Act, government must facilitate the establishment of a recycling infrastructure and work in 
partnership with the private sector and civil society (DEA, 2011b).  The NWMS further states 
that civil society must separate waste at household level, participate in waste awareness 
campaigns and participate in recycling initiatives.  
The NWMS is structured around a framework of eight goals (DEA, 2011b).  The goal relevant 
to this study is Goal 1: to promote waste minimisation, reuse, recycling and recovery of waste.  
One of the objectives is to divert 25% of recyclables from landfill site for reuse, recycling or 
recovery by 2016.  Another objective under this goal is that all metropolitan municipalities, 
secondary cities and large towns are expected to initiate waste separation at source 
programmes by 2016.  The City of Johannesburg (CoJ), located in the Gauteng Province of 
South Africa, is therefore required by law to establish and promote waste recycling.  The CoJ, 
through its waste management service provider Pikitup, implemented a pilot project for 
waste Separation at Source (S@S) in October 2009 at the Waterval Depot.  This involved the 
distributing of Mondi Ronnie bags for paper and cardboard and clear refuse bags for other 
recyclables to add to the existing black wheelie bins that are used for non-recyclables. The 
S@S has been extended and covers nine of the depots in CoJ (Pikitup, 2016).  However, the 
participation rate in recycling is very low at an average of 19.9% (Pikitup, 2016). 
The CoJ experiences the same challenges as other cities in developing countries such 
Islamabad (Pakistan) (Ali et al., 2014), Maputo City (Mozambique) (Dos Muchangos et al., 
2017) and Abudja (Nigeria) (Imam et al., 2008).  Finding suitable land for new landfill sites is 
increasingly difficult as competition for land is high in Gauteng, where the CoJ is located 
(GDARD, 2011). Any deviation of waste away from landfills will extend the life span of these 
sites from reaching full capacity.  
The recycling of household waste is influenced by a number of factors such as the attitudes, 
behaviour and perceptions of waste management by the general population (Strydom, 
2012a).  Recycling is a key component of ISWM and numerous international studies have 
investigated recycling practices, problems and successes.  To name a few:  Bohm et al. (2010) 
investigated the costs of municipal waste and recycling programs in the United States (US), 




participation in recycling programmes also in the US, Halvorsen (2012) conducted an 
international analysis on the effects of norms and policy incentives on recycling, Pickin (2008) 
conducted an international cost-benefits analysis of solid waste recycling and Dahlen & 
Lagerkvist (2009) conducted an evaluation of recycling programmes in household waste 
collection systems.  Household involvement in recycling is necessary for the success of any 
recycling programme and is it important to know which personal or household attributes are 
associated with high or low recycling behaviour (Anderson et al., 2013).  This can assist in 
designing programmes that encourage higher participation rates in recycling.   
According to Barr (2007), factors that influence recycling behaviour are complex and 
interrelated.  He further identified three groups of independent variables that influence 
recycling, namely environmental values, situation variables and psychological variables.  
Numerous studies exist that explored recycling behaviour covering a wide variety of variables 
that influence recycling behaviour.  To name a few: Oztekin et al. (2017) investigated gender 
perspectives in predicting recycling behaviour, Jekria & Daud (2016) connected environmental 
concern with recycling behaviour, Amini et al. (2014) investigated the influence of reward and 
penalty on household’s’ recycling intention and Latif et al. (2013) analysed situational factors 
on recycling behaviour. 
However, limited literature is available about the waste separation behaviour in South Africa 
and in the CoJ in particular.  Strydom (2012) applied the Theory of Planned Behaviour on 2 004 
respondents in 11 large urban areas in South Africa and found that subjective norm has a 
greater influence than either attitude or perceived behavioural control.  Anderson et al. (2013) 
used data from the 2003, 2005 and 2006 General Household Surveys conducted by Statistics 
South Africa to determine the role of race and social status in recycling behaviour.  Oyekale 
(2018) also used data from the 2014 General Household Survey and identified determinants 
of households’ involvement in waste separation.  The studies by Du Toit et al. (2015) and 
Nicolaou et al. (2015) concentrated on very limited geographical areas, namely townhouses 
and enclosed housing typologies respectively.  Strydom (2018a; 2018b) identified barriers to 
household waste recycling and applied the Theory of Planned Behaviour to large urban areas 
in South Africa respectively.  Strydom & Godfrey (2016) investigated if there was any change 
in the recycling behaviour of South Africans between 2010 and 2015, using data from the 




& Schmidt (2016) was the first to investigate recycling behaviour in the CoJ but was limited in 
terms of geographical space and number of respondents.  However, interesting results 
emerged from this study that often had the opposite results in terms of recycling behaviour 
when compared to international studies.  This study therefore recommended that a more in-
depth study is needed and one that covers all regions in the CoJ.  A successful recycling 
programme is not reliant on households’ recycling behaviour alone and government must 
take a leading role in recycling. In the most recent study involving residents of Johannesburg, 
Okonta & Mohlalifi (2020) assessed factors affecting source recycling in two suburbs of the 
city. 
As far back as in the 1980s, researchers stated that knowledge of what works in recycling 
programmes and what it takes for citizens to participate in recycling are useful information 
for local officials (DeYoung, 1986; Pollock, 1987; Sundeen, 1988).  This was reiterated by Folz 
(1991) and Folz & Hazlett (1991) who found that leadership by local officials is crucial for the 
success of recycling programmes. Several authors investigated the conditions necessary for 
recycling success and the factors that influence household participation rates and attitudes 
towards recycling.  However, Suttibak & Nitivattananon (2008), identified a knowledge gap 
that exists in investigating recycling programmes at local levels.   
The Waste Act assigns clear responsibilities for waste management activities in each sphere 
of government (CoJ, 2011a; DEA, 2011b; DEA, 2016a).  Oelofse & Godfrey (2008a) indicated 
that significant change in local government since 1994 transferred a number of new roles and 
responsibilities to local municipalities.  This occurred before municipalities required the 
necessary financial and human capacity.  They further argue that the amalgamation of local 
authorities placed an additional burden on already stressed human resources.  Local 
municipalities often do not meet service delivery targets in waste management due to 
capacity constraints, insufficient budgets and lack of appropriate equipment.  Schoeman & 
Galela (2015) found that there was a lack of experience and high turnover rate within local 
government’s waste management division.  CoJ workers also identified financial constraints, 
poor employee skills, lack of recycling facilities, lack of public participation and lack of political 





It is required of municipalities to provide additional bins for separation at source, divert 
organic waste from landfills, facilitate local solutions, designate a waste management officer 
to co-ordinate waste management matters, submit Integrated Waste Management Plans and 
register transporters of waste above a certain threshold.  Other functions required by the 
Waste Act are waste management licensing, waste minimization, regulations and compliance 
and enforcement.  The DEA (2011b) states that the capacity challenge at local government 
level is particularly acute.  The NWMS further requires that local government must work with 
industry and stakeholders to extend recycling at municipal level.  It states that partnerships 
around effective waste management must have concrete expression in local collaboration 
around initiatives to improve waste management (DEA, 2011b).   
1.2 Problem statement and objectives 
Waste management service delivery is a function of local government in terms of the South 
African Constitution (Act 108 of 1996).  However, local governments face numerous 
challenges in providing adequate waste management services, and more so to establish a 
recycling culture amongst residents.  The majority of waste ends up at landfill sites and the 
DEA estimated that only 10% of all waste generated in South Africa was recycled in 2011 (DEA, 
2016a; DEA, 2018). 
Pikitup is mandated to provide sustainable integrated waste management services to all 
residential areas in the CoJ and was established in 2000 as an independent municipal entity 
wholly owned by the CoJ.  In 2015, it was estimated that the CoJ has only 4.54 years of landfill 
space left (Pikitup, 2020).  The amount of waste generated in the CoJ is expected to increase 
by 13% annually (Oelofse & Strydom, 2010), with only 7% of waste generated diverted 
through recycling and composting (Pikitup, 2015).  In order to increase recycling rates in CoJ 
and divert waste from landfills, the Separation at Source (S@S) was implemented in 2009 at 
one depot.  Since then, the S@S strategy was extended to nine depots to encourage 
communities to participate in recycling (Pikitup, 2017).  Although there was a gradual increase 
in the recycling participation rates, the participation rate is very low at 19.9% (Pikitup, 2017).  
It was also noted that apathy exits from residents in areas where the programme is 
operational (Pikitup, 2017).  Thus, the research question is:  what is the recycling behaviour 




The main aim of the study is therefore, to investigate the role of households in recycling in 
the City of Johannesburg.  The objectives of the study are to: 
• determine residents’ knowledge regarding recycling; 
• investigate the waste separation behaviour of households; 
• determine what measures would increase waste separation for collection at 
household level; 
• determine the relationship between gender, age, race, employment status, education 
level, income level, residence type and household size and recycling behaviour;  
• determine which variable has the greatest influence on recycling participation; and 
• make recommendations to increase recycling participation. 
1.3 Scope and rationale of the study 
The study is limited to the City of Johannesburg.  It was one of the first cities in South Africa 
to start a recycling programme in 2009 (Pikitup, 2016) and it has been running for more than 
ten years.   Recently the S@S programme was extended to cover nine of its depots.  The CoJ 
has 5.4 million residents in 1.85 million households (CoJ, 2019) and this afford enough 
respondents to participate in the study – both in areas where the programme is available and 
in residential suburbs where the programme is not available.  Data collected regarding the 
recycling behaviour and intention of residents include:  demographic data, knowledge and 
opinion regarding recycling and the environment, recycling behaviour such as how often it 
takes place, what is recycled and availability and participation in the S@S programme.  If 
residents are not recycling, reasons for non-participation are investigated and measures that 
can be put in place to increase participation in recycling must be identified. 
1.4 Outline 
The thesis is organized according to the outlined research objectives.  The thesis consists of 
seven chapters where Chapter 1 is the general introduction and background of the study and 
Chapter 7 is the conclusion and recommendations. Chapter 1 also includes the problem 
statement, objectives and scope of this study. 
Chapter 2 covers the review of relevant literature on waste and the management of waste.  




developing countries.  The chapter starts by defining waste and the different waste 
classification system used worldwide.  Further topics covered in this chapter include the 
impacts of waste, waste generation and composition, waste management and waste 
management in South Africa. 
Chapter 3 explores recycling and recycling behaviour.  It starts by elaborating on the recycling 
situation in developing and developed countries and then concentrate on the situation in 
South Africa and Johannesburg.  Different options of recycling are outlined.  Thereafter the 
main theories of recycling behaviour are discussed, followed by factors that influence 
recycling behaviour. 
Chapter 4 explains the research approach, questionnaire design, data collection and 
methodology used in the study.  The different methods of data analysis are outlined in detail 
for both questionnaires.  Problems and limitations of the study are also outlined. 
Chapter 5 covers the data analysis and discussion of recycling behaviour of the residents in 
the CoJ.  It reports on the demographics of respondents, their awareness and knowledge 
regarding the benefits of recycling and then separately discusses recycler and non-recyclers. 
It also identifies and measures and the knowledge identified by respondents to increase waste 
separation at source.  This chapter also reports on the relationship between socio-
demographic variables and recycling behaviour.   
Chapter 6 reports on the recycling intention of respondents.  The relationship between 
recycling intention and psychological factors and situational variables are discussed. 
Chapter 7 is a synthesis of the study focusing on the research objectives.  Recommendations 
are made to increase participation in recycling in Johannesburg.  A single reference list is 





CHAPTER 2:  LITERATURE REVIEW:  WASTE AND WASTE MANAGEMENT 
2.1 Defining waste 
The legal definition of waste can create problems in the classification, collecting, transport 
and storage of waste.  Often such definitions are vague and do not include the possible reuse 
and recycling of waste.  This can also hinder the implementation of the waste hierarchy 
(discussed in Section 2.6.2) and create confusion in dealing with and managing of waste 
(Oelofse & Godfrey, 2008b).  Historically waste was discarded without consideration of the 
impact on the environment and human health or for the potential to recycle or reuse such 
waste.  When such impacts became clear, the realisation that waste has to be managed, led 
to waste management and defining waste.  This section will analyse the definition of waste 
from an international perspective, the definition used in the European Union (EU) and United 
Kingdom (UK) followed by the South African definition. 
2.1.1 International context 
International bodies, such as the Organisation of Economic Co-operation and Development 
(OECD) and the United Nations Environment Programme (UNEP), defined waste to try and 
include the changing concept of waste.  The OECD definition is as follows: “Waste refers to 
materials that are not prime products (that is, products produced for the market) for which 
the generator has no further use in terms of his/her own purposes of production, 
transformation or consumption, and of which he/she wants to dispose” (OECD, 2003).  The 
UNEP definition appears in the Basel Convention on the Control of Transboundary 
Movements of Hazardous Wastes and their Disposal that was adopted in 1989 and came into 
force in 1992.  The UNEP definition of wastes are “substances or objects which are disposed 
of or are intended to be disposed of or are required to be disposed of by the provisions of 
national law” (UNEP, 1989).  This definition entails three ways by which a substance or object 
is considered to be waste. 
The first is when an object or substance is disposed of and can be applied to 
objects/substances that is considered to be non-waste.  For example, waste oil that can be 
used as fuel in a kiln.  This highlights that it is not always possible to determine if an 




to be taken into consideration.  The second way is the intention to dispose of an 
object/substance and from this point the waste is subject to control before disposal.  The 
Secretariat of the Basel Convention (2017:3) states that “Intent to dispose can be inferred 
from surrounding facts and circumstances, including reasonably foreseeable results of 
conduct”.  It is therefore necessary to take all circumstance into account when assessing 
whether a substance/object is intended to be disposed of on a case by case basis, and when 
it becomes waste.  The third way is when substances or objects are required to be disposed 
of by the provisions of national law.  As the Basel Convention is the most comprehensive 
global environmental agreement on waste with 181 Parties (Secretariat of the Basel 
Convention, 2017), the third part of the definition can be problematic.  What is defined as 
waste according to the national law of a country, might not be the case in another country.  
For example, production residues are considered to be waste in some countries such as the 
UK and Spain, while in other countries (e.g. South Africa and Australia) it is considered as by-
products and not classified as waste. 
In the European Union, the European Commission Waste Framework Directive (WFD) 
2008/98/EC defines waste as “any substance or object which the holder discards or intends or 
is required to discard” (EU, 2008).  The WFD goes further to define different types of waste 
such as hazardous waste, waste oils, bio-waste, etc. and actions such as reuse, treatment, 
recovery and recycling.  Cheyne & Purdue (1995) elaborates on the significance of the change 
in the definition used in the 1975 Directive – from ‘dispose’ to ‘discard’.  They argue that the 
terms ‘dispose’ and ‘discard’ can suggest different aspects of ‘getting rid of object’, but equally 
it can be used conterminously.  When comparing the standard dictionary definitions, 
‘disposal’ can include actions such as the transfer or sales of property to another, while 
‘discard’ is getting rid of something as it is undesirable or useless (Cheyne & Purdue, 1995).  
Waite (2012) states that the term ‘discard’ of the waste definition is not further defined, and 
this resulted in its interpretation being ambiguous.  He expands on court cases in the 
European Court of Justice (ECJ) that involved the WFD definition of waste and the view of the 
ECJ that the “concept of waste must be interpreted widely in order to limit its inherent risks 
and pollution” (Waite, 2012:53).  The majority of court cases involved by-products of 




from ‘disposal’ to ‘discard’, there is great uncertainty in the interpretation and what can be 
considered as waste.   
In the UK, the legal definition of waste is derived from the WFD in order to enable a EU system 
of waste regulation.  BP Collins Solicitors (n.d.) affirm the view of Waite (2012) that the 
definition was problematic and especially in areas such as industrial by-products.  
Sustainability Exchange (2018) highlights that a shortcoming of this definition is when an 
article or material is given to another person or company to be reused or recycled, as from a 
legal perspective it is still considered to be waste as it is no longer required by the producer.  
Tromans (2001) asserts that the term ’discard’ is of central importance in the definition of 
waste as the meaning of ‘discard’, ‘disposal’ and ‘recovery’ are equivocal in nature.  Thus, the 
term ‘discard’ in the WFD and UK definitions of waste is interpreted differently and has given 
rise to litigation (Tromans, 2001; Waite, 2012).  The fact that court cases are held about the 
definition of waste and when waste material cease to be waste illustrates the unforeseen 
consequences of a definition of waste that is too vague and interpreted differently by industry 
and government.   
2.1.2 South Africa 
The first legal definition of waste in South Africa appeared in the Environmental Conservation 
Act (Act 73 of 1989) and waste was defined as “any matter, whether gaseous, liquid or solid 
or any combination thereof, which is from time to time designated by the Minister by notice 
in the Gazette as an undesirable or superfluous by-product, emission or remainder of any 
process or activity”.  Oelofse & Godfrey (2008b), states that this definition reflects the 
approach of protection from waste in the 1990s.  It also placed huge burdens on reuse and 
recycling programmes and facilities, as facilities were subjected to similar controls as waste 
disposal sites.  This legislation was largely focused on waste disposal sites and reducing the 
environmental impacts associated with many poorly operated landfills (Godfrey & Oelofse, 
2017).  Similar to waste definitions used in internationally, it had unforeseen consequences 
as it was not clear whether reprocessed material should be deemed waste of a product.  This 
definition of waste was repealed by the National Environment Management:  Waste Act (Act 
No. 59 of 2008) (hereafter called the Waste Act).  The Waste Act was promulgated in 2009 




“any substance, whether or not that substance can be reduced, reused, recycled and 
recovered – 
(a) that is surplus, unwanted, rejected, discarded, abandoned or disposed of; 
(b) which the generator has no further use of for the purposes of production; 
(c) that must be treated or disposed of; or 
(d) that is identified as a waste by the Minister by notice in the Gazette, and includes 
waste generated by the mining, medical or other sector, but – 
(i) a by-product is not considered waste; and 
(ii) any portion of waste, once re-used, recycled and recovered, cease to be 
waste” 
 
The definition provided in the Waste Act of 2008, is more detailed when compared to those 
posted by OECD, UNEP, the EU and the UK.  The South African Waste Act definition uses six 
words to indicate actions that make a substance waste.  These are:  surplus, unwanted, 
rejected, discarded, abandoned or disposed.  Also, to note is that the Waste Act definition 
states that a by-product is not considered to be waste.  The drafters of the Waste Act took 
into consideration the unintended consequences of only using a single verb to indicate from 
when a substance or object is considered to be waste, and maybe to avoid costly litigation on 
whether or not by-products are considered to be waste as experienced in the EU and UK.   
The Waste Act definition was replaced in 2014 by the definition in the National Environmental 
Management:  Waste Amendment Act (Act No. 26 of 2014) (hereafter called the Waste 
Amendment Act).  The latest definition of waste state: 
 “’waste’ means – 
(a) any substance, material or object, that is unwanted, rejected, abandoned, 
discarded or disposed of, or that is intended or required to be discarded or disposed 
of, by the holder of that substance, material or object, whether or not such 
substance, material or object can be re-used, recycled or recovered and includes all 
wastes as defined in Schedule 3 to this Act; or 
(b) any other substance, material of object that is not included in Schedule 3 that may 
be defined as waste by the Minister by notice in the Gazette, 
but any waste or portion of waste, referred to in paragraphs (a) and (b), ceases to be 
waste – 
(i) once an application for its re-use, recycling or recovery has been approved or, 
after such approval, once it is, or has been re-used, recycled or recovered; 
(ii) where approval is not required, once a waste is, or has been re-used, recycled 
or recovered; 
(iii) where the Minister has, in term of section 74, exempted any waste or a portion 




(iv) where the Minister has, in the prescribed manner, excluded any waste stream 
or portion of a waste stream from the definition of waste.” 
There are three noticeable differences in the wording of the definitions of the Waste Act and 
the Waste Amendment Act.  The first is the removal from the word ‘surplus’ from the 
definition, and the second is the removal of the section that states that a by-product is not 
considered waste.  The third is the expansion from substance to substance, material or object.  
The researcher could not find any published literature that explains the removal of surplus 
and by-products from the newest definition and the inclusion of material or object in the 
definition.  However, inference can be made that implementation challenges were 
experienced with the Waste Act definition and its context.  Zhakata et al. (2016) state that the 
Waste Act’s definition of waste is very broad and open to different interpretations.  They went 
on to critique that the definition of waste is exclusionary to other types of waste and gives the 
example of medical waste that may not be recycled.  Taljaard (2011:153) in her dissertation 
on the critical perspectives on the definition of waste in South Africa and the implications of 
it in the steelmaking industry, states that “… there are great uncertainties due to the definition 
of waste that are difficult to interpret.  Due to the tendency of the authorities to attempt to 
regulate most by-product applications, it results in absurdities which totally inhibit the further 
use of by-product applications and which are contrary to the purpose of the NEMWA (Waste 
Act)”.   
The Waste Amendment Act’s definition expands on when waste or a portion of waste ceases 
to be waste when compared with the definition of the Waste Act.  In the Waste Act definition, 
only two instances were given when waste ceases to be waste.  The first was that a by-product 
is not considered to be waste and the second when any portion of waste is reused, recycled 
or recovered.  The newest definition list four instances when waste ceases to be waste, 
namely when approval is given for the application of its reuse, recycling or recovering; when 
approval is not required and waste has been reused, recycled or recovered; where the 
Minister exempted waste or a portion of waste generated by a particular process from the 
definition of waste, and lastly where the Minister has excluded any waste stream or a portion 
of it from the definition of waste.  This has can lead to challenges in court regarding the 




The Waste Amendment Act’s definition is the most comprehensive legal definition the 
researcher obtained from published literature.  Schedule 3 of the Waste Amendment Act 
divides waste into two broad categories, namely hazardous waste and general waste.  Under 
Category A:  Hazardous Waste of Schedule 3, definitions of hazardous and business waste are 
given, followed by 17 sub-categories of hazardous waste.  These sub-categories outline 
hazardous waste from various industries – from agriculture, through chemical and mechanical 
surface treatment, up to wastes from waste management facilities.  This category ends with 
providing definitions of residue deposits and residue stockpile.   
Category B:  General Waste of Schedule 3 starts by defining general waste and again give a 
definition of business waste.  Similar to Category A, an outline of 13 sub-categories of general 
waste is given.  This category also defines building and demolition waste, domestic waste and 
inert waste.   
The Waste Act’s definition did not include waste that are regulated by other sectoral 
legislation such as residue stockpiles and radioactive waste (Zhakata et al., 2016).  Bosman et 
al. (2018) acknowledge that although the Waste Amendment Act’s definition still refers to the 
usefulness of the substance, it still excludes radioactive wastes and explosives.  Their further 
critique on the newest definition of waste is that it does not consider potential impacts that 
may arise throughout the waste life cycle.  They go on to use the examples of transfer 
pipelines and pumping stations as aspects of the waste life cycle that is excluded.  This 
exclusion of certain types of waste was a problem as the Waste Act was supposed to have an 
overriding effect on all the other legislation when it comes to defining and governing waste.   
From the above it is clear that defining waste is complex and defining a substance, material 
or object as waste might exclude its use as a resource for someone else.  Pongrácz & Pohjola 
(2004) analysed a range of internationally accepted definitions and concluded that these 
definitions of waste are insufficient in describing waste.  Internationally, and potentially in 
South Africa, terminology used in the legal definitions of waste has and can lead to litigation 
as it includes material that can be used as a resource or that can be recovered, recycled or 
reused.  By classifying a substance, material or object as waste also has significant commercial 
consequences as evident in the cost of storage, transportation and disposal thereof.  It is 
therefore of vital importance that a clear definition of waste is used and more importantly, 




of what is waste and what is non-waste is a worldwide issue and will remain topical for some 
time to come (Oelofse & Godfrey, 2008b).  Private industry and government need to come to 
the same understanding as to what is waste and when a substance, material or object ceases 
to be waste.  Any definition of waste should also allow for the recovery, reuse and recycling 
of such waste without the threat of criminal liability.  It should also not hinder the 
implementation of the waste hierarchy and manage the human health and environmental 
impacts of waste. 
The next section delves deeper into the different types of waste.  It is necessary to have an 
understanding of the different types of waste, as depending on its classification, different 
rules, regulations and minimum standards apply.  An outline of hazardous waste will be 
provided, while a more in-depth discussion of general waste will be provided as this is the 
focus of the study. 
2.2 Classifying different types of waste 
Even though the Basel Convention provides a worldwide classification for hazardous and non-
hazardous waste, numerous examples exist on the divergent classifications of waste in 
different countries.  Waste is classified differently in different parts of the world and according 
to Wen et al. (2014) is one of the most important issues in waste management.  Classifying 
waste is the first step in identifying and determining the potential impact of waste with the 
release of such waste into the environment.  Furthermore, waste classification is also used to 
determine the most appropriate management of waste to limit the risks and impacts 
associated with it. Waste is classified into different classes and can be based on its properties, 
source of origin, characteristics, state, processing, components and potential threat to health 
and the environment.  Pongrácz & Pohjola (2004:144) argues that classifying waste into 
different sub-categories “we create a host of sub-categories from the generic parent that only 
result in a diminishing of the concept of the term ‘waste”. 
Traditionally waste was classified as municipal and industrial waste (Wagner, 2004).  During 
the 1970s, there was poor understanding of the impacts of waste, especially hazardous waste 
(EPA Victoria, 2010).  Wagner (2004) states that the term hazardous waste was not used 
before 1970 and thus hazardous waste was not classified separately from municipal or 




and the environment, the classification changed to solid and hazardous waste.  Solid waste 
was then further divided into industrial solid waste and municipal solid waste. This 
classification of waste does not allow for the effective management of waste and the resultant 
impact of waste on health and the environment.  In recent years, the classification of waste 
expanded to include numerous categories and sub-categories.   
For example, the United Nations Economic and Social Commission for Asia and the Pacific 
classifies waste as municipal solid waste (MSW), industrial solid waste, agricultural waste and 
residues, and hazardous waste (UNESCAP, 2000).  MSW is then further subdivided into 
residential, industrial, commercial, institutional, construction and demolition, municipal 
services, and process waste.   
A general working definition of MSW is where it can be considered as wastes generated by 
households, and waste of a similar nature generated by commercial and industrial activities, 
as well as institutions (UN-Habitat, 2010).  It therefore includes waste form households, 
businesses and commercial waste, but excludes hazardous waste.  This definition of MSW is 
the one that will be used in this research. 
Spain in 2011 classified waste as either domestic waste or industrial waste.  This classification 
was supplemented with a decree regulating waste and its disposal in landfills to include inert, 
non-hazardous, and biodegradable waste (Emgrisa, 2014).  Spanish law also regulate special 
types of waste and it includes radioactive, sanitary, and construction and demolition waste 
(Emgrisa, 2014).   
In China, waste is classified based on the source of the waste and its hazardous characteristics 
(Wen et al., 2014).  Each of these classes is then further subdivided – based on the source of 
the waste it can either be industrial waste or MSW, and for characteristics either as hazardous 
or non-hazardous waste.  Each of these macro-level classes are then further categorised into 
sub-categories.  For example, the Chinese National Hazardous Waste Catalogue contains 49 
categories of waste (Wen et al., 2014).  The authors provide examples of the issues arising 
from this waste classification system.  For example, agricultural waste that has been 
misclassified at the macro-level and the lack of an integrated classification system of non-




Bosman et al. (2018) are of the opinion that in most countries their waste classification 
systems focus on only the waste source itself and do not take into consideration the potential 
effects of waste in different receiving environments.  They further argue that if the waste 
source is used for classification, “such blanket classification of ‘non-hazardous’ implies that 
opportunities for waste minimisation and hazard reduction are often overlooked” (Bosman et 
al., 2018:1072).  Similar to problems experienced by defining waste, implementation issues 
are being experienced with the waste classification system used in South Africa.  These 
implementation issues mostly arise when the waste classification system is being applied to 
wastes and disposal situations for which it never was intended (Bosman et al., 2018).   
In South Africa, the responsibility of classifying waste rests with the waste generator (DEA, 
2018) and the classification is based on the risk it poses.  Waste classification is important in 
South Africa, as government and industry are required to capture data on the waste 
generated as required by the National Waste Information Regulations (NWIR) of 2012.  The 
purpose of the NWIR is to regulate the collection of data and information regarding waste in 
South Africa (DEA, 2012a).  The reporting of waste data is required by Section 61 of the Waste 
Act, and the South African Waste Information System (SAWIS) was developed by the DEA in 
2005 for the capturing of such data.  To further assist in the classifying of waste in South Africa, 
the DEA developed the Waste Classification and Management Regulations (WCMR) in 2013 
(DEA, 2013).  The purpose of the WCMR is to regulate the classification and management of 
waste in order to assist and support the implementation of the provisions of the Waste Act. 
Thus, classifying of waste is complex with numerous legislation and regulations governing the 
classification in South Africa.  A further issue that arises in the South African context is that 
the classification of waste rests with the generator of such waste.  This can result in the 
unintended and intended incorrect classification of waste.  
The different categories of waste are contained in Annexures 3 and 4 of the NWIR.  Certain 
wastes listed do not require classification (Table 2.1) and are considered to be ‘pre-classified’ 







Table 2.1:  Pre-classified waste as per NWIR (adapted from DEA, 2018). 
General waste Hazardous waste 
Domestic waste Asbestos waste 
Business waste not containing hazardous 
waste/chemicals 
PCB (polychlorinated biphenyl) waste or PCB 
containing waste (>50 mg/kg or 50 ppm) 
Non-infectious animal carcasses Expired, spoilt or unusable hazardous products 
Garden waste General waste (excluding domestic), containing 
hazardous waste/chemicals 
Waste packaging Mixed, hazardous chemical wastes from analytical 
laboratories, and laboratories from academic 
institutions in containers < 100 litres 
Waste tyres Health care risk waste 
Building and demolition waste not containing 
hazardous waste/chemicals 
 




In the following sub-sections, the different types of waste are discussed as per the categories 
used in the South African Waste Amendment Act, Schedule 3.  These are hazardous waste and 
general waste and will be briefly outlined. 
2.2.1 Hazardous waste 
The Waste Amendment Act defines hazardous waste as waste that contains elements or 
compounds that may have detrimental impact on health and the environment.  Hazardous 
waste can be generated from mining, manufacturing processes, medical facilities, households, 
and many other sectors.  The common traits of hazardous waste are toxicity, corrosivity, 
reactivity, persistence, and ignitability.  Hazardous waste may be found in liquid, gaseous and 
solid forms.  The Institute of Waste Management of Southern Africa (IWMSA) (n.d.) list the 
following as hazardous waste: 
• gaseous waste; 
• mercury containing waste (liquid and solid); 
• batteries; 
• POP (persistent organic pollutant) waste; 
• inorganic waste; 




• waste oils; 
• organic halogenated and/or sulphur containing solvents/waste; 
• organic solvents/waste without halogens and sulphur; 
• tarry and bituminous waste; 
• brine; 
• fly ash and dust from miscellaneous filter sources; 
• bottom ash; 
• slag; 
• mineral waste; 
• e-waste (parts of e-waste); 
• health care risk waste; and 
• sewage sludge. 
Common to definitions of hazardous waste is that it has substantial or potential impacts on 
public health and the environment.  Another common attribute of hazardous waste is that it 
can be generated from all sectors – from households to chemical processes.  The classification 
of parts of e-waste as hazardous waste only recently appeared in waste classification systems 
and is one of the emerging problems worldwide in waste management (Needhidasan et al., 
2014).  Although hazardous waste and the impact thereof has long been known by many, it is 
a relatively ‘new’ addition to legislation, rules and guidelines worldwide, and in South Africa.   
2.2.2 General waste 
The Waste Amendment Act, defines general waste as: 
“waste that does not pose an immediate hazard or threat to 
health or to the environment, and includes— 
(a) domestic waste; 
(b) building and demolition waste; 
(c) business waste; 
(d) inert waste; or 
(e) any waste classified as non-hazardous waste in terms of the regulations made 
under section 69, and includes non-hazardous substances, materials or objects within 




As stated in Section 2.1, Schedule 3 of the Waste Amendment Act then further subdivides 
general waste into a further 13 sub-categories.  These categories are wastes from: 
• agriculture, horticulture, aquaculture, forestry, hunting and fishing, food preparation 
and processing; 
• wood processing and the production of panels and furniture, pulp, paper and 
cardboard; 
• leather, fur and textile industries; 
• thermal processes; 
• photographic industry; 
• shaping and physical and mechanical surface treatment of metals and plastics; 
• oil wastes and liquid fuels; 
• other wastes not specified in the list; 
• food waste; 
• waste management facilities; 
• building and demolition wastes;  
• domestic wastes; and 
• inert waste. 
The second draft of the South African State of Waste Report (SoWR) (DEA, 2018) provides a 
summary of the different types of general waste (Table 2.2).  Seven of the general waste types, 
namely brine, fly ash and dust, bottom ash, slag, mineral waste, waste electrical and electronic 
equipment (WEEE), and sewage sludge also appear under hazardous waste in the SoWR.  This 
once again confirms that the classification of waste in South Africa is ambiguous and can result 
in the incorrect classification of waste.   
Table 2.2:  Brief descriptions of general waste types (adapted from DEA, 2018). 
Waste type Description 
Municipal waste Waste excluding hazardous waste emanating from premises that are used wholly 
or mainly for residential, educational, healthcare, sport or recreation purposes.  In 
the context of the SoWR, this municipal waste stream excludes the mainline 
recyclables (paper, plastic, glass, metals and tyres), organic waste (food and garden 
wastes), commercial and industrial waste, and construction and demolition waste. 
Commercial and 
industrial waste 
Waste excluding hazardous waste emanating from premises that are used wholly 
or mainly for commercial, retail, wholesale, entertainment or government 




industrial waste stream excludes the mainline recyclables (paper, plastic, glass, 
metals and tyres), but includes the organic waste from retail and offices. 
Brine Wastewater containing salts.  Brine is largely generated by mining, power 
generation, paper and pulp, petroleum, and steel and metal processing sectors. 
Fly ash and dust Fly ash, also known as pulverised fuel ash, is a fine powder which is carried within 
the flue gas stream from boilers. 
Bottom ash The larger particles of ash which drop down from the furnace and collect at the 
bottom in the ash hopper of a boiler. 
Slag Slag is one of the main wastes produced during the production of ferrous (e.g. iron 
and steel) and non-ferrous (e.g. manganese, chrome, and vanadium) metals. 
Mineral waste In the context of this SoWR, mineral wastes are limited to foundry sand and 
refractory waste. 
WEEE Equipment that was dependent on electric currents or electromagnetic fields in 
order to work properly, as well as equipment that was used for the generation, 
transfer and measurements of such currents and fields.  This includes small and 
large household appliances, office, information and communication equipment, 
entertainment and consumer electronics, lighting equipment, electric and 
electrical tools, security and health care equipment, and mixed WEEE. 
Organic waste Waste, excluding hazardous waste, emanating from: 
• agriculture, horticulture, aquaculture, forestry, hunting and fishing, food 
preparation and processing; 
• wood processing and the production of panels and furniture, pulp, paper 
and cardboard; 
• garden and park wastes; and 
• kitchen and restaurant facilities. 




Waste, excluding hazardous waste, produced during the construction, alteration, 
repair or demolition of any structure, and includes rubble, earth, rock and wood 
displaced during that construction, alteration, repair or demolition. 
Paper Comprises several grades of paper, including newspaper and magazines, brown 
paper, white paper, and mixed paper. 
Plastic Comprises several types of plastic, including polyethylene terephthalate (PET), 
polyvinyl chloride (PVC), low density polyethylene (LPDE), polypropylene (PP), 
polystyrene (PS), and ‘other' plastics. 
Glass Comprises many different types of glass, including bottles, jars, sheet glass, 
laboratory glass, windshields, mirrors, window glass and heat resistant ovenware.  
Excludes fluorescent tubes and compact fluorescent lamps (CFLs) which are 
classified as hazardous, mercury containing waste. 
Metals Comprises two main categories of metals; ferrous and non-ferrous.  Ferrous metals 
are iron or steel based, such as mild steel, cast iron, and stainless steel, while non-
ferrous are metals comprise base metals or alloys thereof, such as aluminium, 
copper, brass, bronze, zinc, lead, magnesium, tin, cadmium, and etc. 
Tyres Tyres that are not suitable to be retreaded, repaired, or sold as a part worn tyre 
and not fit for its original intended use.  Several categories of tyres, including 
passenger, light commercial, heavy commercial, agricultural, motorcycle, 




Other Waste that is classified as non-hazardous but does not fit in to any of the above 
categories.  These are typically waste that are mixed and cannot be separated into 
for treatment purposes. 
 
The Waste Amendment Act further provides definitions of building and demolition waste, 
domestic waste, and inert waste.  As the focus of this study is domestic waste generated by 
private households, a more in-depth discussion of this type of waste will be provided.  As per 
Waste Amendment Act, domestic waste means: 
“waste, excluding hazardous waste, that emanates from premises that are used wholly 
or mainly for residential, educational, health care, sport of recreation purposes, which 
include: 
(a) garden and park wastes 
(b) municipal waste 
(c) food waste”. 
If this definition of domestic waste is used, it once again rather confuses than clarifies what is 
domestic waste.  Usually, in the literature (Cheyne & Purdue, 1995; Pongrácz & Pohjola, 2004; 
Rowney, 2014) if the word ‘municipal’ is used in a waste classification system, municipal waste 
(solid municipal waste) is used as a category and domestic waste is considered a sub-category 
of municipal waste (see discussion under Section 2.2).  The above definition deviates from 
what can be considered the general understanding of municipal waste and domestic waste, 
as it lists municipal waste under domestic waste.  The researcher could not obtain a definition 
of municipal waste in any of the South African legislation and regulations. The only mention 
of municipal waste is in the draft of the SoWR as per Table 2.2 and it is described as: 
“Waste excluding hazardous waste emanating from premises that are used wholly or 
mainly for residential, educational, healthcare, sport or recreation purposes.  In the 
context of the SoWR, this municipal waste stream excludes the mainline recyclables 
(paper, plastic, glass, metals and tyres), organic waste (food and garden wastes), 
commercial and industrial waste, and construction and demolition waste”. 
In the classification of general waste as per the WCMR, municipal waste is listed as a major 
waste type under general waste (type GW01) and no mention is made of domestic waste.  It 
can thus be inferred from such reports and the WCMR, that domestic waste is understood to 
be a sub-category of municipal waste. Government published reports, such as the SoWR, use 
municipal waste in the reporting of general waste generation and management in South 
Africa.  Taking the above description of municipal waste into consideration and what is 




The definition of domestic waste is too vague and unless municipal waste is defined in 
legislation or a new definition of domestic waste is provided, there is a probability that it 
would be interpreted differently by industry, residents and government. 
Currently, the Department of Environment, Forestry and Fisheries (DEFF) is conducting a 
review on the effectiveness of implementation of the WCMR and its associated norms and 
standards (DEFF, 2019).  The scope and extent of this review is comprehensive and those 
relevant to this study are:  to assess the effectiveness of the implementation of the WCMR, 
to assess the accuracy of the classification by waste generators, to identify and record the 
extent of the challenges experienced with the implementation of the WCMR, and to 
determine how the WCMR could be improved in terms of implementation thereof and 
increased compliance (DEFF, 2019). 
An understanding of the waste life cycle is needed to understand what the flow of waste is.  
It is also necessary to determine the impacts of waste on the environment and human health.  
The next section therefore briefly outlines the waste life cycle. 
2.3 Waste life cycle 
The law of conservation of matter states that matter is neither created nor destroyed.  In 
terms of waste, this means that one can never really throw away or dispose of waste.  It can 
undergo physical or chemical change, but the waste is not destroyed.  Tchobanoglous et al. 
(1977) provided a model of the life cycle of waste (Figure 2.1) that is still relevant today.  It 
shows the ‘cradle to grave’ cycle of waste and is founded on the law of conservation of matter.  
Bosman et al. (2018) state that the effects of waste should not only be considered at the final 
stage of the cycle (disposal/discharge/emission), but all stages of the life cycle.  Thus, it is 
necessary to also take into consideration the effects of waste from waste generation, through 
storage, collection, transport as well as recovery/treatment of waste. 
Abeliotis (2013) states that waste ceases to be waste if it becomes a useful product, is 
disposed of in a landfill or is emitted into the air or water.  The life cycle of waste can be used 
in life cycle assessment (LCA).  LCA is a holistic approach that quantifies all environmental 
impacts throughout the life cycle of products or processes (EU, n.d.; Rebitzer et al., 2004; 
Abeliotis, 2013).  The LCA approach affords the opportunity to scientifically assess the 




takes the entire life cycle into account.  LCA is increasingly utilised for SWM and is especially 
used in the decision-making process and planning phases (Abeliotis, 2013).  The EU (n.d.) state 
that care must be taken to avoid shifting problems from one part of the waste life cycle to 
another.  For example, reducing the environmental impacts of waste generation, can lead to 















Figure 2.1:  The waste life cycle (adapted from Tchobanoglous et al., 1977). 
The waste life cycle provides managers, planners and government officials the opportunity to 
determine the impacts of waste on human health and the environment at the different stage 
of the cycle.  There are numerous impacts associated with waste – both solid waste and 
hazardous waste.  The next section outlines only the impact of solid waste as it is the focus of 
this study. 
2.4 Impacts of waste 
Waste management is demanding, and improper waste management can have negative 
impacts on both human health and the environment.  A wide range of impacts are associated 
with waste – untreated or inadequately disposed waste can cause soil, air and water pollution, 










facilities.  Existing literature regarding solid waste focusses on the impacts associated with 
landfills and incinerators, as these are widely used to manage the final phase of waste 
disposal.  This section reviews first the potential impacts of solid waste on human health, 
followed by environmental impacts.   
2.4.1 Impacts on human health 
The World Health Organisation (WHO) (2016) states that a relevant factor concerning the 
impact of waste on health is: how much and which population is involved?  The impact of 
waste on human health does not involve all residents of an urban area, but usually involves 
only a small part of such population that resides near the area of waste disposal.  Studies in 
Europe, such as conducted by Forastiere et al. (2011) estimated that approximately two to six 
percent of the population are affected.  WHO (2016) further alludes to the fact that it is often 
the more deprived (low-income earners) that live in the surrounding areas of waste 
management facilities that is exposed, which involves environmental health inequalities.  In 
Africa, open dumping with the associated burning of waste is the most common method of 
waste disposal (UNEP, 2018a).  This can have both a direct and indirect impact on the health 
of residents adjacent to these dumping sites, because of the potential of the waste to 
contaminate water and food sources. 
As stated above, most studies conducted investigated the health burdens associated with 
landfills and incinerators, such as Porta et al. (2009), Forastiere et al. (2011), Cordioli et al. 
(2013) and Mattiello et al. (2013), to name a few.  Ncube et al. (2016) did a systematic review 
of not only on research that investigated the health effects of communities living near landfills 
and incinerators, but also on MSW workers and waste pickers.  Poole & Basu (2017) reviewed 
studies on occupational illness in the waste and recycling sector.  As the studies conducted on 
human health are limited, the conclusions are not definitive.  Also, there are several 
uncertainties and assumptions and lack accurate exposure information (Porta et al., 2009; 
Forastiere et al., 2011; Mattiello et al., 2013; WHO, 2016).  Despite these shortfalls, it is 
possible to identify potential health risks associated with waste. 
Forastiere et al. (2011) provides a figure that shows potential impacts on health throughout 
the waste life cycle (Figure 2.2).  From Figure 2.2 it is clear that there are multiple impacts, 




therefore state that it is important to acknowledge that in waste management and health 
impacts, traditional risk assessment methods are not adequate to address the complexity of 
the waste cycle and its associated impacts on health.   
 
Figure 2.2:  Potential health impacts throughout the waste life cycle (Forastiere et al., 2011:2). 
Porta et al. (2009) reviewed 49 papers of which 32 are on the health effects in communities 
near waste sites and 17 on employees of waste management sites.  Ncube et al. (2016) 
reviewed 72 papers, where 33 were on health effects near landfills and incinerators, 24 on 
MSW workers and 15 on waste pickers.  Poole & Basu (2017) screened 253 abstracts, assessed 
99 papers of eligibility of the review and included 34 papers in their final study.  The United 
Nations Environment Programme (UNEP) published the first Africa Waste Management 
Outlook in 2018 (UNEP, 2018a).  The major findings of these reviews and outlook on health 
effects are outlined below. 
Cancer 
Cancers that can potentially be associated with waste disposal investigated by various 
researchers include colorectal, liver, bladder, larynx, lung, kidney, lymphomas, leukemia, 
pancreatic, prostrate, skin, breast, uterus, stomach and brain.  Porta et al. (2009) concludes 
that there is not enough evidence of an increased risk of cancer for communities living near 
landfills or incinerators.  In their review, Mattiello et al. (2013) found that there are either no 




modest non-significant increase in risk.  Ncube et al. (2016:103) came to the conclusion that 
“there appears to be no complete congruence among researchers on the cancer risk to 
communities living near landfill sites or waste incinerators”.  Gensberg et al. (2009) found 
higher rates of bladder and kidney cancer among former residents of Love Canal (a chemical 
waste landfill situated in a residential neighbourhood of Niagara Falls, New York, US).  
However, they state that the role of exposure to the landfill is unclear as the study cohort is 
small and the cancers diagnosed before 1979 were excluded.   
Birth defects and low birth weight 
Several studies addressed birth defects and outcomes.  An increased risk of low birth weight 
and an increased risk of congenital malformations were reported in communities near 
hazardous waste sites (Porta et al., 2009; Mattiello et al., 2013), but is not evident when only 
urban solid wastes are considered.  Ncube et al. (2016) state that studies reviewed had 
loopholes and therefore, it cannot be concluded with certainty that maternal residence near 
landfills during pregnancy culminates in low birth weight.   However, Goldman et al. (1985) 
found a prevalence of low birth weight of babies exposed during gestational life to the Love 
Canal chemical landfill.  Studies reviewed showed contradicting results and overall limited 
evidence exists of an increase in birth defects and low birth weight. 
Respiratory diseases 
Both Porta et al. (2009) and Mattiello et al. (2013) refer to a Finnish study conducted by 
Pukkala & Pönkä (2001), that found there was a significant prevalence of asthma in people 
residing in houses built on a former dumping area, but as this study has not been done 
elsewhere, the evidence may be considered insufficient.  Other studies found no evident 
relationship between respiratory diseases and vicinity to landfills and incinerators.  However, 
there are some indications of an increased risk of respiratory diseases, especially in children 
(Porta et al., 2009; Correa et al., 2011) but overall evidence may be considered inadequate 
(Ncube et al., 2016).  As the open burning of waste is widely practised across Africa and where 
inconsistent waste collection services are often the norm, families forced to burn their waste 
as a management solution, were found to be vulnerable to respiratory diseases (UNEP, 2018a) 





Figure 2.3:  Burning of waste at an open dumpsite in Kenya. 
(Photo credit: © ManoocherDeghati, IRIN, https://reliefweb.int/report/kenya/kenyas-waste-management-
challenge) 
 
Cholera and malaria 
Uncontrolled dumping of MSW waste also presents a potential threat in the spread of various 
pathogenic infections.  UNEP (2018a) reports that open dumpsites have been significantly 
connected with the increase and spread of cholera and malaria.  A study conducted by Osei & 
Duker (2008) in Kumasi, Ghana, showed a direct spatial relationship between cholera 
prevalence and the density of dumpsites, and an inverse spatial relationship between cholera 
prevalence and the distance to dumpsites.  Another study conducted by Suleman et al. (2015) 
under the Sawaba community in Kumasi, showed similar results with cholera cases for 67% of 
participants who lived less than five minutes from an open dumpsite, but none for residents 
living 11 to 15 minutes away.  With the prevalence of malaria, they reported that 73% of 
participants living less than five minutes away suffered from the disease, with only 2% of 
participants living 11 to 15 minutes away. 
Waste workers 
Regarding incinerator workers, Porta et al. (2009) concludes that some studies suggest 




not possible to make a definitive conclusion.  Poole & Basu (2017) reported on the increased 
concentration of heavy metals and biphenyls under hazardous waste incinerator workers.  Ray 
et al. (2005) found that landfill workers in Delhi (India) had significantly higher prevalence of 
respiratory symptoms.  A similar result was found under scavengers and landfill workers in 
Lobatse (Botswana) who reported a high prevalence of respiratory symptoms (Gwisai et al., 
2014).   
Increased injuries mainly affecting the hands, arms, back or shoulders of waste collection 
workers were reported in several studies (Kitsantas et al., 2000; Gutberlet & Baeder, 2008; 
Gwisai et al., 2014; Poole & Basu, 2017).  Porta et al. (2009) reported on two conflicting studies 
on waste collection workers – one where a positive relationship was found between exposure 
to fungal spores and self-reported diarrhoea, while the other did not find an excess of 
gastrointestinal symptoms.  Ray et al. (2005) showed that landfill workers suffered more from 
diarrhoea, ulceration of the skin and fungal infections.   
Studies on exposures and health outcomes in workers in composting facilities showed that 
there is definitive evidence of negative impacts on their health (Poole & Basu, 2017) due to 
high exposures to bio-aerosols and volatile organic compounds.  Porta et al. (2009) reported 
that significantly more symptoms and disease of the skin, eyes and airways were recorded 
among compost workers than in control groups.  Both Bünger et al. (2002) and Van Kampen 
et al. (2016) found that compost workers in Germany had significantly more symptoms and 
diseases of the airways.   
Negative health impacts on workers in recycling facilities (see Figure 2.4) were found and the 
longer the worker is in the recycling facility, the more they become affected by health 
problems (Gutberlet & Baeder, 2008; Porta et al., 2009).  Ncube et al. (2016) and UNEP 
(2018a) state that recyclers reported health problems such as injuries, respiratory problems, 
gastrointestinal symptoms, psychological disorders and musculoskeletal complaints.  An 
increased risk of skin itching, vomiting, diarrhoea and chronic respiratory symptoms under 





Figure 2.4:  Organic waste being processed at a compost centre in India. 
(Photo credit: © S. James, https://www.thehindu.com/news/cities/Madurai/micro-composting-centres-the-
best-bet-for-madurai/article28392275.ece) 
A relatively new area of concern is the recycling of e-waste (electronic and electrical 
equipment).  E-waste contains valuable materials such as gold, platinum, silver, copper, steel, 
aluminium, plastics and glass that can be extracted and recycled.  However, these substances 
can be toxic when extracted due to improper and unregulated recycling.  Leung (2019) states 
that the most common hazardous material found in e-waste is heavy metals (such as 
cadmium, chromium, lead, etc.).  People recycling e-waste are exposed to a complex mixture 
of chemicals through both direct contact and inhaling toxic fumes (WHO, n.d.).   Both Leung 
et al. (2008) and Ceballos & Dong (2016) found increased concentrations of heavy metals in 
e-waste recyclers.  In their review, Grant et al. (2013) found plausible adverse health impacts 
such as change in thyroid functions, adverse neonatal outcomes, decreased lung function, 
increased blood chromium concentrations, premature births and reduced birthweights 
associated with exposure to e-waste.   
A very unique threat to informal waste workers in Africa is the physical risks associated with 
landfill landslides.  UNEP (2018a) reported that 115 people were killed when a landslide 
occurred at the Koshe landfill in Addis Ababa, Ethiopia in March 2017.  A further incident was 




2018).  The people killed included woman and children waste pickers that collected food and 
recyclables from these landfills. 
All the reviews state that there are limitations and uncertainties with studies conducted on 
the health impacts of waste.  General critique of studies conducted are that they are cross-
sectional, single-centre studies, often use a small sample size, did not use a reference group 
and did not control for possible cofounders such as selection bias and smoking.  Therefore, 
the results are often inadequate and it is not clear whether it is safe to associate the health 
impacts found with solid waste management practices.  Notwithstanding this, possible health 
burdens of waste were identified and found and decision makers and policy planners should 
ensure that health impacts of waste are minimized.   
2.4.2 Environmental impacts 
In the literature, numerous examples and evidence can be found on the negative impacts of 
waste on the environment.  Vallero (2019a) states that the integrity of ecosystems depends 
on the proper management of waste and it should include all the waste streams.  He further 
identifies that waste can harm an ecosystem in two ways, namely by harming the integrity of 
the receiving system and that it may contain constituents that can be inherently hazardous to 
wildlife and other biota.  Lui et al. (2015) are of the opinion that solid waste generation and 
the impact on the environment are often neglected during economic growth.   
Global climate change 
One of the most critical issues affecting global climate change is the amount of greenhouse 
gas emissions.  Waste produces large amounts of greenhouse gases, thus contributing to 
global climate change.  Das et al. (2019) state that there is a strong correlation between the 
accelerated rate of solid waste generation and greenhouse gases, especially methane.  In the 
2014 United Nation Climate Summit report (UN Climate Summit, 2014) MSW and landfills 
were listed as the third largest anthropogenic sources of global methane emissions.  Tian et 
al. (2013) confirms this by stating MSW disposal and treatment processes are regarded as one 
of the most important anthropogenic sources of greenhouse gasses.  They also report that 
landfills will be one of the major contributors in the predicted worldwide increase of 




management, between 10 to 15% reduction of greenhouse gas emissions could be achieved 
through proper landfill management and diversion of waste from landfill (UNEP & ISWA, 
2015).  In the period 2000 to 2010, greenhouse gas emissions from the waste sector in South 
Africa increased by 59.3% (DEA, 2014b).  Landfill emissions are important to study, as this is 
still the primary measure of waste disposal in many countries in the African continent, 
including South Africa.   
Greenhouse gases such as methane, carbon dioxide and nitrous oxide are produced from the 
aerobic and anaerobic biodegradation of MSW.  According to Zang et al. (2019) approximately 
5% of global greenhouse gas emission can be contributed to landfills.  Worldwide, the waste 
sector was reported to contribute 18% of the global anthropogenic methane emissions 
(Bogner et al., 2008).  Scarlat et al. (2015) reported annual global methane emissions from 
landfilling to be estimated at 29 million tonnes in 2010 – with estimated emission from Africa 
to be 1.3 million tonnes.  The most recent greenhouse gas inventory for South Africa (DEA, 
2014b) indicated that the waste sector is the second largest contributor to methane emissions 
in 2010 with 37.2%.  UNEP (2018a) reports that while the other economic sectors in South 
African showed declining contributions to methane emissions, the waste sector’s contribution 
increased by 11.3% from 2000 to 2010.   
The United Nations Framework Convention on Climate Change (UN Climate Change 
Secretariat, 2019) reported that waste contributed 1.5 gigatons (3%) of carbon dioxide 
emissions in 2016 (see Figure 2.5).   
The carbon dioxide equivalent unit measures the environmental impact of one tonne of 
greenhouse gases in comparison to the impact of one tonne carbon dioxide.  In 2016 it was 
estimated that 1.6 billion tonnes of carbon dioxide equivalent greenhouse gas emission were 
generated by solid waste (Kaza et al., 2018).  It is estimated that the contribution of the waste 
sector in South Africa to greenhouse gas totalled 18.75 million tonnes carbon dioxide 
equivalent (DEA, 2018).  This biggest contributor to this figure is emissions from landfills (with 
15.5 million tonnes), with the remainder coming from wastewater treatment works (DEA, 
2018).  The proper management of waste, especially in waste prevention and recycling, is one 







Figure 2.5:  Global carbon dioxide emission by sector for 2016 (Adapted from UN 
                     Climate Change Secretariat, 2019). 
Air pollution 
Different types of air pollution are associated with waste disposal.  In the previous section 
greenhouse gas emissions were discussed and this section discusses other types of air 
pollution.  As landfills can be considered as an authentic biochemical reactor (Tian et al., 2013) 
odorous gases are one type of air pollutant released from landfills.  Conte et al. (2018) state 
that odorous emissions are one of the most common impacts of MSW.  The main odorous 
substances emitted from landfills include styrene, acetone, methanol, toluene, acetic acid, 
ammonia and dimethyl sulphide (Fang et al., 2012).  According to Tian et al. (2013) the release 
of odorous gases is the most important serious air pollution caused by composting and can 
negatively influence the surrounding environment.  Controlling odorous gases is challenging 
because of difficulties caused by the limits of measuring instruments and the huge amounts 
of compounds present (Das et al., 2019).   
Vallero (2019b) reported that dust from both the vehicles delivering solid waste and from 
stack emissions from an incinerator contributes to the lowering of air quality near landfills and 
incinerators.  Composting is another source of dust and releases organic dust containing 




Products that contain mercury, such as batteries and fluorescent tubes, that end in landfills 
or incinerators, release mercury into the atmosphere.  It can be considered as a serious 
environmental concern because it is toxic, persistent and bio-accumulative in nature.  MSW 
landfills and incinerators are important sources of atmospheric mercury and cannot be 
ignored (Yanase et al., 2007).  They further state that mercury has special physical and 
chemical characteristics that allows for it to be transported across national boundaries.  Cheng 
& Hu (2011) found in their research that landfills not only release gaseous mercury, but also 
a type of toxic methylmercury and it may lead to adverse effects in ecosystems.  MSW should 
be considered a high priority source of mercury and the necessary control strategies is thus 
of great importance in protecting the environment (Tian et al., 2013). 
Incineration of MSW releases stack emissions that contain greenhouse gases, acid gases, 
heavy metals, particulate matter, carbon monoxide, nitrogen oxides and dioxins and furans 
(New Hampshire Department of Environmental Services, 2013; Tian et al., 2013).  Dioxins and 
furans are toxic and research by Quina et al. (2011) and Nzihou et al. (2012) showed that much 
lower levels of emissions are present in modern incinerators.  Nevertheless, incinerators 
release large volumes of gaseous emissions that may pose environmental risks.  
Water pollution 
One of the most well-known environmental impacts associated with MSW is the formation of 
leachate.  Leachate formation is the result of the removal of soluble compounds by 
percolation of water through landfills and has been associated with the contamination of 
aquifers underlying landfills (El-Fadel et al., 1995).  Renou et al. (2008:469) defines leachates 
as “the aqueous effluent generated as a consequence of rainwater percolation through 
wastes, biochemical processes in waste’s cells and the inherent water contents of waste 
themselves”.  The nature of solid waste, chemical and biochemical processes in a landfill and 
the total water content in waste determines the composition of leachate (Naveen et al., 2017).  
The fact that leachate migrate away from landfills is a serious environmental concern and 
significantly contaminate surface water, groundwater and soil (Das et al., 2019).  Studies on 
leachates from landfills identified heavy metals, aromatics, halogenated compounds, phenols, 
pesticides and ammonium in leachate that may pose serious risk to the environment and food 
chains (Deng & Englehardt, 2006; Renou et al., 2008).  In their study Naveen et al. (2017) found 




nutrients – making it unsuitable for any use. Hu et al. (2019) are of the opinion that better 
management of organic waste will reduce the impact of MSW on the environment and 
nutrient pollution in water bodies.   
An emerging field of study is the presence of pharmaceuticals in leachates.  Masoner et al. 
(2016) in their study of 22 landfills in the USA, reported the presence of 190 pharmaceuticals 
in every sample of leachates.  Thomas (2017) states that the environmental impact of 
pharmaceuticals is an important emerging issue and can have damaging impacts on 
invertebrates, vertebrates and ecosystem structure and function. 
UNEP (2018a) reports that the impact of waste disposal on water bodies in African countries 
is mainly due to the lack of waste collection and disposal facilities, communities that do not 
responsibly participate in waste management and the inability of local governments to 
enforce existing waste management laws.  This results in chemical and microbiological 
pollution of water bodies, as well as solid waste that block canals and causes stagnant water 
and flooding (see Figure 2.6).   
 
Figure 2.6:  Pollution blocking a river channel in Kenya. 








Soil pollution  
Land and water are intricately connected and thus contamination of soils also often affect 
surface and groundwater.  Cachada et al. (2018) state that the disposal of waste is a deliberate 
form of soil pollution and that e-waste has become one of the most important problems.  
Some of the most significant contaminants released into soil by e-waste is heavy metals, 
polybrominated biphenyl and polychlorinated biphenyls.  These are classified as toxic 
substances and accumulate in the environment and can adversely impact biota.  Heavy metals 
and polybrominated diphenyl ethers are persistent pollutants released by basic e-waste 
recycling and adversely impacts soil microbial communities (Wu et al., 2019).   
Li et al. (2019) investigated MSW incineration as a source of heavy metals in soils.  They 
acknowledge that assessing this is a challenging task because of various heavy metal sources.  
Notwithstanding, their results show relatively high contents of cadmium, lead, antimony and 
zinc in soils near incinerators.  A study of the Dandora MSW landfill site in Nairobi, Kenya, 
showed high levels of heavy metals in both the landfill and the adjacent soils (UNEP, 2018a). 
Although most of the literature focus on heavy metal pollution of soil, a few studies 
investigated other sources of soil pollution associated with MSW.  Sultan et al. (2019), 
identified widespread contamination of soils due to the dumping of organic chemicals and 
pesticides in MSW.  Morgado et al. (2018) identified waste disposal as an activity that are 
responsible for the unbalance of soil structure and functions.  This affects the functional 
biodiversity of an ecosystem and the provision of goods along with ecosystems services that 
will be negatively affected.   
Vegetation and habitat damage 
Waste disposal causes habitat loss as space is needed for landfills, incinerators and sorting 
facilities.  However, improper waste management practices may lead to habitat destruction 
by causing physical stress (e.g. bulldozers), disruption of natural drainage patterns and the 
release of toxic substances (Vallero, 2019a).  The toxic pollutants ultimately retard plant root 
physiology and pollutants hinder the normal metabolism of plants (Ali et al., 2014), with the 
resultant negative impact on species reliant on vegetation.    El-Fadel et al. (1995) report that 
vegetation damage near landfills occurs primarily due to oxygen deficiency in the root zone 




72% of the native vegetation in Islamabad (Pakistan) were destroyed by excessive soil 
degradation associated with the dumping of solid waste. 
Microplastics and plastic pollution 
Recently, much attention has been focused on microplastic and plastic pollution in the 
literature and the media extensively reported on plastic pollution in the marine environment 
(Figure 2.7).  Microplastic are separated into two distinct sources, namely primary 
microplastics that are manufactured and secondary microplastics that are formed due to the 
fragmentation of larger plastics (Weldon, 2019).  Microplastic pollution is a serious worldwide 
phenomenon and plastic is found in soils (Chae & An, 2018; He et al., 2018), freshwater bodies 
(Horton et al., 2017; Blettler et al., 2018), oceans (Andrady, 2011; Avio et al., 2017), introduced 
by various methods, including MSW (Judy et al., 2019), transported in ecosystems by different 
means, such as wind erosion (Rezaei et al, 2019), rain (Wetherbee et al., 2019) and the 
atmosphere (Allen et al., 2019), that ends up in pristine environments such as the Antarctic 
(Lacerda et al, 2019), in the Alps and Arctic (Bergman et al., 2019) and remote islands (Lavers 
et al., 2019). 
 
Figure 2.7:  Plastic pollution in the Pacific. 





Plastic pollution is highly visible in the terrestrial environment.  However, if this waste is 
degraded into microplastics it could easily evade detection (Allen et al., 2019).  This viewpoint 
is confirmed by Wetherbee et al. (2019) that found microplastics in 90% of the rain samples 
collected in the Colorado Front Range, which were only visible with magnification.  As plastic 
is designed to be durable, it can persist in different environments for a long time.   
In the marine environment, plastic waste harms aquatic animals directly through 
entanglement (see Figure 2.8), asphyxiation and ingestion, and indirectly through exposure to 
chemicals and microbes associated with plastic (Lacerda et al., 2019; Lavers et al., 2019).  
Andrady (2011) states that microplastics, when indigested by marine species, present a route 
by which persistent organic pollutants can enter the marine food web.  He further explains 
that plastics have the proven propensity to absorb and concentrate persistent organic 
pollutants, and when indigested, results in the delivery of toxins across trophic levels in the 
food chain.  Plastics indigested can obstruct or injure the gastrointestinal tract of animals, 
affect the food intake of such animals and might cause their death.  Lusher et al. (2013) found 
plastics in the gastrointestinal tracts of 36.5% of fish sampled in the English Channel.  Exposure 
to plastics can also reduce the growth of microalgae (up to 45%) and as it contains pathogenic 
organisms, can cause diseases in animals (Lacerda et al, 2019).  Another possible 
environmental impact discussed by Avio et al. (2017), is the dispersal of marine organisms 
through rafting on plastic debris and the potential of invasions by alien species in habitats. 
 
Figure 2.8: Entanglement of a sea turtle. 
(Photo credit: © Francis Periz, https://blueocean.net/powerful-images-of-plastic-pollution-go-viral/) 
Several studies conducted in river, lake and estuary environments also reported the presence 




review Blettler et al. (2018) state that the majority of research regarding plastic pollution was 
conducted on the marine ecosystem and that research on freshwater bodies is few and only 
show fragments of the overall picture.  They concluded that further research is needed to 
determine the impacts of plastics on biota in freshwater bodies. 
Similar sentiments are expressed by Chae & An (2018) in their review conducted on research 
on plastic pollution and impacts on the soil ecosystem – research is limited and those available 
are on small geographical areas.  Microplastics may persist in soils, accumulate and reach high 
levels that can affect organisms and biodiversity (He et al., 2018).  They further state that 
microplastics also pose a hazard as it can act as a vector for the transfer of pollutants and 
toxins from soil matrices to soil biota.  A study conducted by Gaylor et al. (2013) found that 
chemicals derived from microplastics enter the soil ecosystem and be accumulated in soil 
invertebrate organism and be transferred to other environments and organisms. 
Section 2.4 outlined the health and environmental impacts associated with MSW and showed 
that it can have serious adverse effects.  Another aspect of waste that play a role in its impact, 
is the amount of waste generated and released into the environment.  The next section 
therefore discusses waste generation. 
2.5 Waste generation and composition 
Waste generation is reaching alarming proportions and Hoornweg et al. (2013) warn that 
without drastic action, population growth and urbanisation will outpace waste reduction.  As 
stated in Chapter 1, the main reasons for the accelerated generation of MSW are the rapid 
increase in urban populations, rapid economic growth and the rise in consumption patterns 
(Zotos et al., 2009; Al-Khatib et al., 2010; Hoornweg & Bhada-Tata, 2012; Marshall and 
Farahbakhsh, 2013; Hoornweg et al., 2013; DEA, 2016a, DEA, 2018; Kaza et al., 2018; World 
Bank, 2019).   
Information and data on the amount, source and type of MSW is very important in the 
planning of waste services and infrastructure.  Data on these will also allow waste managers 
to monitoring and mitigate the health and environmental impacts associated with waste.  





2.5.1 Global situation 
In 2012, Hoornweg & Bhada-Tata (2012) estimated the annual global waste production to be 
1.3 billion tonnes.  This has increased to 2.01 billion tonnes in 2016 and is expected to grow 
to 3.4 billion tonnes by 2050 (Kaza et al., 2018), which represents a 70% increase from 2016 
(World Bank, 2019).  Hoornweg & Bhada-Tata (2012) predicted a significant increase from 1.2 
to 1.42 kg per person per day by 2025.  Observing the global daily rate of waste generation 
per person per day indicates a wide range.  The world average is 1.2 kg (World Bank, 2019), 
with ranges from 0.11 to 4.54 kg in different parts of the world (Kaza et al., 2018).  According 
to UNEP & ISWA (2015) waste generation rates depends on income levels, socio-cultural 
patterns and climatic factors.  They further report that the present median generation rates 
in high-income countries to be about six-times greater than in low-income countries.  Figure 
2.9 shows the annual municipal solid waste generated per capita in kilograms per day in 2018.  
From this figure the wide range can be observed with high-income countries combined 
generating 34% of the world’s waste, followed by 23% from the East Asia and Pacific region 
(World Bank, 2018).  Even though high-income countries only account for 16% of the world’s 
population, they generate 683 million tonnes (34%) of the world’s waste (Kaza et al., 2018). 
A concern expressed in the literature is the predicted increase in waste generation in low- and 
middle-income countries.  Kaza et al. (2018) state that the daily per capita waste generation 
in high-income countries are predicted to increase by 19% by 2050, while for low- and middle-
income countries it is anticipated to be 40% or more.  Stated in other words, waste generated 
in lower-income countries is expected to increase by more than three times by 2050.  The 
main drivers for this projected increase are population growth and urbanisation.  Ritchie and 
Roser (2019) states that projections show that in 2050 68% of the world’s population will live 
in urban areas and that for many developing countries the number of people living in urban 
settings will exceed those in rural areas.  The UN (2016) projects that the population of sub-
Saharan Africa will double by 2050 and that eight of the nine countries that will make up more 
than half of the projected global population growth will be low- and middle-income countries.  
Lower-income countries are at present experiencing severe challenges in the proper and 
affordable management of waste, and with this predicted increase, a large number of these 






Figure 2.9:  Global waste generation per capita/day (2018) (Adapted from Kaza et al., 2018). 
The increase in plastic production is another concern found in the literature.  Lavers et al. 
(2019) state that nearly half of all plastic manufactured over the last 60 years was produced 
in the last 13 years (3 900 million metric tonnes).  In 2016, 12% of MSW was plastic waste (242 
million tonnes) (Kaza et al., 2018) (see Figure 2.10).  As discussed in Section 2.4.2, this poses 
a serious threat to especially the marine environment.  Lacerda et al. (2019) state that plastics 
make up about 90% of marine litter and that it is estimated that there are between 15 and 51 
trillion plastic particles present on ocean surfaces.   
The composition of waste varies considerable by income level (Kaza et al., 2018), as well as 
level of economic development, cultural norms, geographical location, energy sources and 
climate (Hoornweg & Bhada-Tata, 2012).  Worldwide, food and green (organic) waste are the 
biggest contributors to the global waste composition with 44% (Figure 2.5) and are also known 
as wet recyclables.  UNEP & ISWA (2015) note a major difference in the organic composition 
of waste between low- and middle-income countries compared to high-income countries.  
They state that in low- and middle-income countries the organic waste is left over after the 
preparation of food, while in high-income countries there is great deal of avoidable food 
waste – i.e., food that could have been eaten.  Dry recyclables consist of plastic, paper and 
cardboard, metal and glass that make up 38% of the global waste composition.  This shows 




amount of waste entering the environment accompanied by the adverse effects to the 




Figure 2.10:  Global waste composition in 2018 (Adapted from Kaza et al., 2018). 
2.5.2 Africa and sub-Saharan Africa 
Hoornweg & Bhada-Tata (2012) state that Africa and the South Asia region each contributed 
only 5% of the global waste generation in 2012.  Even though Africa produces the least waste 
when compared with other continents, the urban population is increasing at a faster rate than 
any other continent (3.5% per annum) (UNEP, 2018a).  This, together with the growing middle 
class, changing consumption habits and production patterns, can lead to Africa becoming a 
dominant region worldwide in terms of waste generation if current waste generation trends 
continue.  Figure 2.11 shows the projected MSW generation to 2100 and the waste 
contribution of sub-Saharan Africa is relatively small in 2010 but starts rising very quickly after 
2050.  The African Union has called for cities to commit to recycling at least 50% of urban 
waste by 2023 (UNEP, 2018a) to reduce the amount of waste to landfill, but improper waste 
management practices, lack of infrastructure, financial capacity, lack of political will and 






Figure 2.11:  Total MSW generation by region (UNEP & ISWA, 2015). 
The total MSW generated in Africa in 2012 was estimated to be 125 million tonnes per year 
(UNEP, 2018a).  Conflicting figures are given for sub-Saharan Africa with Hoornweg & Bhada-
Tata (2012) estimating it at 62 million tonnes per year in 2012, while UNEP (2018a) puts it at 
81 million tonnes per year in 2012.  The latest figure for sub-Saharan Africa is given by Kaza et 
al. (2018) with 174 million tonnes of waste generated in 2016.  According to Kaza et al. (2018), 
sub-Saharan Africa is the fastest growing region in the world and waste generated is expected 
to nearly triple by 2050.  Figure 2.12(a) shows the total MSW generated for African countries 
in 2012, while Figure 2.12(b) the predicted waste generation in 2025.  For the 2012 estimates, 
only South Africa produced more than 20 000 metric tonnes per year (103 tonnes/year).  
Scarlat et al. (2015) state that a large increase in the amount of waste produced can be 
expected by 2025. They estimated that the top three African countries in terms of waste 
generation in 2025 to be Nigeria (40 438 x103 tonnes/year), followed by Egypt (31 899 x103 





Figure 2.12:  Total MSW generation (103 tonnes/year) of African countries in 2012 (a) and  
           predicted for 2025 (b) (UNEP, 2018a). 
In 2012, waste generation in Africa was estimated to be 0.78 kg per capita per day (UNEP, 
2018a), which is lower than the 1.2 kg world average.  The per capita waste generation spans 
a wide range – from 0.09 kg to 3.0 kg per person per day (Hoornweg & Bhada-Tata, 2012, 
UNEP, 2018a).  The lowest amount (0.09 kg per day) was recorded for Ghana, with the highest 
for middle-income countries and islands nations with significant tourist populations, such as 
the Seychelles with 2.98 kg per day.   
Africa is the world’s second largest continent with unprecedented population growth 
(estimated at 1.3 billion by 2050, UNEP (2018a)) and coupled with an increase in consumption 
patterns, its contribution to maritime plastic pollution is a serious concern.  The coastal 
populations in Africa are expanding and the population densities near water bodies is high.  
Improper waste management practices and infrastructure causes large volumes of plastic 
pollution in river systems that is transported to oceans (see Figure 2.13).  In the 2017 study 
on river plastic emissions to the world’s oceans by Leberton et al. (2017) they estimated that 
eight of the world’s top 122 polluting rivers are in the African continent.  Egypt, Nigeria, South 
Africa, Algeria and Morocco are estimated to be among the top 20 countries around the world 





Figure 2.13:  Emissions of plastic waste from some of the African rivers in 2017 (Jambeck et  
          al., 2017). 
There is a notable difference in the waste composition of sub-Saharan Africa (see Figure 2.14) 
when compared with the global waste composition (Figure 2.10).  Food and green waste in 
sub-Saharan Africa (with 43%) are almost the same as the global composition (44%), with 
paper and cardboard, plastic, metal and glass recording between a 1% and 7% lower 
composition than the global composition.  However, the second largest part of sub-Saharan 
African waste is ‘other’ with 30% - 16% more than the global composition.  ‘Other’ waste 




materials (Hoornweg & Bhada-Tata, 2012).  The literature reported extensively on the import 
of waste, especially e-waste, into African countries.  For example, in 2015/2016, according to 
Baldé et al. (2017), European Union member states were the origin of approximately 77% of 
the used e-waste imported into Nigeria.  Only between 50-85% of e-waste in Africa is locally 
generated, with the rest coming from illegal transboundary imports from high-income 
countries and from China (UNEP, 2018a).  This might be a reason for the relatively large ‘other’ 
part of the composition of waste in sub-Saharan Africa. 
 
Figure 2.14:  Waste composition in sub-Saharan Africa in 2016  
          (Adapted from Kaza et al., 2018). 
2.5.3 South Africa 
The DEA released the second draft of the first State of Waste Report (SoWR) in 2018 (DEA, 
2018).  The SoWR estimated general waste generated in South Africa in 2017 at approximately 
54.2 million tonnes.  Table 2.3 shows the breakdown of the different classes of general waste 
generated in South Africa in 2017.  MSW is the second biggest source with 4.8 Mt after organic 
waste with 30.5 Mt.  Noteworthy is the recycling and recovered figures in Table 2.3.  Recycling 
and recovery are given as 0% for MSW, with a very high level of confidence given for the 
figures. The types of waste listed in Table 2.3 again brings to the fore the issues surrounding 
the definition of different types of waste and waste classification in South Africa as discussed 
in Sections 2.1. and 2.2.  As stated, it is not clear what is considered as municipal waste in 




Table 2.3: General waste generation in South Africa (2017) (Adapted from DEA, 2018). 
Waste type Estimated 
tonnes 
Imports Exports Recycling/ 
Recovery 
Land filled Level of  
confidence 
Municipal  4 821 430 2 4 0.0% 100.0% Very high 
Commercial 
& industrial 
3 550 505 0 0 10.0% 90.0% Low 
Organic 30 499 455 4 048 298 31.1% 68.8% Moderate 
Construction 
& demolition 
 0 0 90.0% 10.0% Very high 
Paper 4 482 922 58 548 129 375 58.0% 42.0% Very high 
Plastic 2 211 225 6 804 20 947 43.7% 56.3% Very high 
Glass 1 113 362 39 928 11 78.4% 21.6% Very high 
Metals 2 492 636 27 976 68 192 75.0% 25.0% Very high 
Tyres 4 035 929 0 0 100% 0.0% Very low 
Other  0 0 9.1% 90.8% Very low 
TOTAL 54 175 147 137 490 258 557 38.6% 61.4% Very high 
 
The researcher is questioning the accuracy and the level of confidence of the figures given in 
Table 2.3.  For example, recycling/recovery of tyres is estimated at 100%.  Sebola et al. (2018) 
reported that the tyre recycling rate is less than 20% in South Africa and Mpyane (2019) 
reported that it is estimated that 11 million waste tyres are lying in dumps, as stockpiles or 
scattered in residential, rural and industrial areas in South Africa.  Furthermore, the Recycling 
and Economic Development Initiative in South Africa (REDISA), that was created to collect a 
levy on new tyre rubber and use it for waste tyre collection and recycling, was liquidated in 
2017 and stopped operations.  Recently the Supreme Court of Appeal overturned the final 
liquidation orders, but REDISA was not operational for a period of time.  Another issue is that 
no estimated tonnes appear for construction and demolition waste, but the level of 
confidence is stated as very high.  As this is a draft report, hopefully future drafts and the final 
report will show correct figures of general waste generation and recycling/recovery figures. 
Figure 2.15 shows the waste composition for South Africa in 2017 as reported by the SoWR.  
Organic waste accounts for the majority of waste (56%) and is higher than those for global 
(44%) and sub-Saharan Africa (43%).  The second biggest source of waste is municipal waste 








Figure 2.15:  Waste composition in South Africa in 2017  
          (Adapted from DEA, 2018). 
The latest figure available for generation per person per day dates from 2011 that was 
obtained from SAWIS and published by the DEA (2012b) in the National Waste Information 
Baseline Report.  Oelofse (2015) calculated the waste generated by using data from SAWIS 
and reports that high-income earners generated 1.28 kg/person/day, middle-income 0.74 and 
low-income 0.41 kg/person/day in 2011.   
2.5.4 Gauteng Province and City of Johannesburg 
In their 2017 Gauteng Environmental Outlook Report, GDARD (2017) acknowledges that there 
is irregular monitoring, reporting and verification of information regarding waste in the 
province.  Chapter 10 of this report covers the state of waste management in the province 
and the figures given in this report were primarily sourced from the Gauteng Waste 
Information System.  It is the opinion of the researcher that this chapter is superficial and 
provides very little information on the state of waste management in Gauteng.  For example, 
there is no reporting on the waste composition and the report only refers to general, 
hazardous and health care risk waste.  Nevertheless, information provided in this report is 
discussed below. 
Gauteng is the smallest of the South African provinces and it generates as much as 35% of 




economic hub of South Africa and also has the highest population of all provinces and thus 
the contribution to total waste is not unexpected.  In 2017, general waste comprised 77% and 
hazardous waste 23% of the total volume of waste generated (GDARD, 2017).  The report 
further states that general waste production increased from 9 million tonnes in 2012 to 15.86 
million tonnes in 2014 with a steady year-on-year increase.  Figure 2.16 shows the total 
general waste produced by the three metropolitan (CoJ, Tshwane and Ekurhuleni) and two 
district municipalities in Gauteng (Sedibeng and West Rand) for the period 2012 to 2016.  
Another weakness of the report is that no actual tonnage is given of any type of waste.  A 
footnote states that the figures are based on waste disposal at landfill sites and that 
weighbridges are not always functioning and therefore rough estimates of tonnages are 
captured and that the figures provided are not necessarily accurate. 
 
Figure 2.16:  Total waste generated by Gauteng municipalities (GDARD, 2017). 
The only waste composition breakdown of Gauteng can be found in the 2012 National Waste 
Information Baseline Report (DEA, 2012b).  Figure 2.17 shows the municipal waste 
composition (percentage by mass) of Gauteng.  In this composition, recyclables, organic waste 
and builder’s rubble are included in municipal waste, while for the SoWR (DEA, 2018) it is 




report and the SoWR.  Without a clear indication on what is considered to be MSW, it is open 
to different interpretations.  The baseline report also gives the contributions to municipal 
waste of the different provinces and for Gauteng it is listed at 761 kg/person/annum (DEA, 
2012b).   
 
Figure 2.17:  Municipal waste composition of Gauteng in 2011  
          (Adapted from DEA, 2012b). 
As mentioned in Chapter 1, Pikitup Johannesburg (SOC) Limited (hereafter referred to as 
Pikitup), was established in 2000 as the waste management provider of the CoJ.  (See Chapter 
4, Section 4.1 for a more detailed description of the study area).  The 2017/18 Annual Report 
(Pikitup, 2019) provided the total tonnages of waste handled and collected by Pikitup (see 
Table 2.4) for the period 2013 to 2018.   
Table 2.4:  Total tonnages of waste collected and handled by Pikitup (2013-2018) 
            (Adapted from Pikitup, 2019). 
Waste disposed 
per activity 
Total 2013/14 Total 2014/15 Total 2015/16 Total 2016/17 Total 2017/18 
RCR* 646 019 741 697 665 923 673 845 668 315 
Street cleaning 87 135 111 820 115 077 89 713 87 075 
Illegal dumping 229 709 276 806 312 503 297 854 241 255 
Hostels 825 2 852 3 288 3 395 3 072 
Informal 
settlements 
29 629 40 367 31 655 21 788 21 269 
Garden sites 132 110 145 429 123 384 107 988 101 397 
TOTAL 1 125 427 1 319 241 1 251 830 1 194 583 1 122 383 
*RCR – Round collected refuse 
From Table 2.4 it can be observed that there was not a significant increase in the amount of 




expected over the period as the CoJ is considered the economic hub of South Africa, has a 
high urbanisation rate and accelerated in-migration rates.  However, Pikitup (2019) states that 
the decreased waste generation and collection can be attributed to their S@S programme 
and private and informal recycling initiatives that led to a reduction in waste collected and 
disposed of in landfills, and countrywide economic downturn that reduced the amount of 
waste generated.   
The most recent literature available on the composition of MSW in the CoJ is a study 
conducted by Ayeleru et al. (2016) that determined the composition of various waste 
components at a landfill site (Robinson Deep) over a period of seven days.  It is important to 
note that caution should be observed, and that the data of this study is not a reflection of the 
waste composition of the CoJ.  It did not address the changes in waste composition based on 
seasonal variation.  The study was conducted on two of the services offered by Pikitup, namely 
the daily round collected refuse (RCR) and non-compacted waste that originates from food 
outlets and street sweeping.  Figure 2.18 (a) and (b) show the results of their waste 
composition study.   
 
(a)                                                                                  (b) 
Figure 2.18:  Composition of RCR (a) and non-compacted waste (b) at the Robinson Deep 
                           landfill site (Adapted from Ayeleru et al., 2016). 
This study showed that the waste composition of a landfill site in the CoJ is quite different 
than waste compositions discussed in previous sections.  Organics (34%) occupied the bulk of 
RCR waste, while plastics (34%) represented non-compacted waste.  The second highest 




cardboard with 17%.  Other waste included nappies, rubber, polyurethane foam, ceramics, 
tyres and carpets.  Ayeleru et al. (2016) came to very interesting conclusions as they state that 
it was observed that low-income areas generated more waste than high-income areas – which 
is against the observed global trend (Section 2.5.2) and in South Africa (Section 2.5.3).  
Secondly, that low-income areas generated a higher percentage of organic waste that the 
middle- and high-income areas.  The latter generated more inorganic waste such as plastics, 
bottle, cans, etc.  Unfortunately, no similar studies could be found in the literature and it was 
conducted over a short period of time at only one of seven landfill sites in the CoJ.  
Nevertheless, their study shows that a large composition of waste that can be recycled, such 
as plastic, paper, glass and metals, ends up in a landfill site in the CoJ.  This means with an 
increase in recycling, waste to landfill can be significantly reduced in the CoJ. There is clearly 
a need for a study or studies that investigate and determine the waste composition at 
different landfills in the CoJ over a yearlong period that would allow for seasonal variation and 
longitudinal sampling and data gathering. 
Section 2.5 outline the waste generation and composition and tonnage of waste generated, 
together with the impacts of waste (Section 2.4), it is clear that drastic measures are needed 
to improve waste management.  This is especially the case for Africa as uncontrolled and 
controlled dumping are the most common waste disposal practices (Kaza et al., 2018; UNEP, 
2018a).  The waste is left untreated, recyclables are not recovered and little to no 
groundwater protection is done.  The situation is not much different for South Africa and the 
majority of waste (90%) (DEA, 2016a; DEA, 2018) end up in landfill sites.  More appropriate 
methods of waste management are needed and the next section discuss waste management 
approaches. 
2.6 Solid waste management 
The management of waste proves to be a huge challenge for local governments and the 
uncontrolled and inappropriate management of MSW lead to serious problems.  The 
traditional approach of waste collection and disposal at landfill sites is outdated and has 
negative impacts on both humans and the environment.  The management of MSW is 
overwhelming municipalities in low-income countries where there are limited resources and 




populations.  However, the management of MSW is not only a concern in low-income 
countries, but also an ongoing concern for the global community at large (Wilson, 2007). 
According to Chang et al. (2011) system analysis consists of analysis platforms, engineering 
models and assessment tools that target defined engineered systems and have been applied 
by SWM authorities in high-income countries since the 1960s.  The first SWM management 
models were optimisation models that dealt with specific aspects of the waste problem (Costi 
et al., 2004; Morrissey & Browne, 2004) – for example, transfer station location and waste 
collection routing.  These models were criticised as having only one time period, not taking 
recyclables into account, limited processing options and a single generation source (Berger et 
al., 1999) making them unsustainable for long-term planning.  The models developed during 
the 1980s were mainly aimed at minimising the costs of SWM and very few acknowledged the 
social equity issues surrounding waste management (Morrissey & Browne, 2004).  These 
earlier models of SWM were only dealing with waste once generated and did not include 
waste prevention and recycling aspects.  During the 1990s waste management models were 
expanded to include recycling and other waste management methods.  Current models show 
a change in policy away from reliance on landfill towards a wider range of waste management 
approaches and techniques based on integrated solid waste management (ISWM) (Morrissey 
& Browne, 2004; Da Silva et al., 2019).   
Morrissey & Browne (2004:298) state: “most waste management models consider economic 
and environmental aspects, but very few consider social aspects”.  They further argue that for 
any SWM system to be sustainable, it needs to be environmentally effective, economically 
affordable and socially acceptable.  This view is supported by Marshall & Farahbakhsh (2013) 
that asserts that prior to 2000, even in high-income countries, very few models considered 
social aspects of SWM and did not involve all relevant stakeholders – from government, 
industry and private providers to local communities and the informal waste sector.  Petts 
(2000:823) states that “the most effective management of MSW, while needing to respond to 
global environmental objectives, has to relate to local environmental, economic, and social 
priorities”.  Authors such as Chang et al. (2011) and Marshall & Farahbakhsh (2013) argue that 
waste management models need to take a holistic perspective of SWM integrating 
methodologies that address the interconnectedness of socio-cultural, environmental, 




factors that drive SWM, namely public health, the environment, resource scarcity and the 
value of waste, climate change and public awareness and participation.  Figure 2.18 depicts 
the driving forces and the progress instigated by it in SWM in high-income (developed) 
countries.  In the least developed countries, public health is still a significant driver as 
uncontrolled dumping, open burning of wastes and irregular or absent MSW collection is the 
norm (UNEP & ISWA, 2015).  The environmental driver is also present as waste are illegally 
dumped and hazardous waste is often dumped alongside MSW.  UNEP & ISWA (2015) further 
state that the informal recycling sector is driving resource scarcity and often achieves 
moderately to high recycling rates, but at a social and environmental cost.  They further 
acknowledge that each country will be in a different position, with different drivers of SWM.   
Marshall & Farahbakhsh (2013) state that ISWM is the current SWM paradigm that has been 
widely accepted as the way to manage waste.  In the literature both ‘integrated waste 
management’ (Srivasta et al., 2004; Guerrero et al., 2013; Ma & Hipel, 2016; Zhou et al., 2017) 
and ‘integrated solid waste management’ (Srivedi et al., 2012; Rigamonti et al., 2016; Simatele 
et al., 2017) are used, but further inspection revealed that the use of these terms is largely 
technical.  A newer term in SWM is ‘integrated sustainable waste management’ (Wilson et al., 
2015; Arbulú et al., 2016; Cervantes et al., 2018) also abbreviated as ISWM.  To avoid 
confusion, the term ‘integrated sustainable WM’ (waste management) is used in this study.  





Figure 2.19: SWM drivers and progress (Marshall & Farahbakhsh (2013). 
2.6.1 Integrated solid waste management  
A systems approach to waste management was first proposed by W.R. Lynn in 1962 and a 
definitive step in the development of ISWM was made in 1978 when R.M. Clark (a system 
analyst with the US Environmental Protection Agency) observed that as conditions vary from 
one place to another, waste management methods, equipment and practices should not be 
uniform (McDoughall et al., 2001).  According to McDoughall et al. (2001), the final and most 
significant definition of ISWM took place in 1991, when a task force from the Economic 
Commission for Europe published a draft regional strategy for integrated waste management.  




many interrelated processes and aspects of waste management.  Some authors (Wilson et al., 
2013; UNEP & ISWA, 2015) critiqued ISWM and reasoned that it often only refers to 
integration across the physical elements.  They argue that ISWM does not include all three 
aspects (environmental, economic and social) of SWM.  Wilson et al. (2013) in their paper on 
integrated sustainable waste management in developing countries, state that in the 1990s, 
many international agencies and non-governmental organisations in developing countries 
became disillusioned with the exclusively technical approach to SWM.  They further explain 
how integrated sustainable WM was put forward at a workshop convened in Ittingen, 
Switzerland in 1995, that built upon the comprehensive notion of sustainability at multiple 
levels. UNEP & ISWA (2015) state that integrated sustainable WM brings together all three 
dimensions and is becoming the norm in discussion of SWM.   
However, Sridevi et al. (2012:1495) defines ISWM as “a comprehensive waste prevention, 
recycling, composting and disposal programme.  ISWM involves evaluating local needs and 
conditions, and then selecting and combining the most appropriate waste management 
activities for those conditions”.  This definition of ISWM includes all three aspects and is just 
one of many similar definitions of ISWM found in the literature that include all three 
dimensions.  Another example of this is Marshall & Farahbakhsh (2013:995) that state “the 
concept of ISWM strives to strike a balance between three dimensions of waste management: 
environmental effectiveness, social acceptability, and economic affordability”.  Similar to 
defining waste (Section 2.1) and classifying waste (Section 2.2), defining and distinguishing 
between ISWM and integrated sustainable WM is marred with confusion.  Interesting to note 
is that Wilson et al. (2015:330) use “integrated sustainable (solid) waste 
management…distinguishes three dimensions for analysis of solid waste management” in 
their paper.  The authors of Wilson et al. (2015) include all three authors of Wilson et al. (2013) 
that argued against ISWM and yet in a later paper include ‘solid’ in their discussion – maybe 
realising the confusion surrounding the terminology used. 
In reviewing the literature, it is very clear that integrated waste management (IWM), 
integrated municipal waste management, ISWM and integrated sustainable WM is used 
interchangeably in studies conducted.  A search conducted using ScienceDirect and Google 
Scholar in September 2019, showed that very few authors refer to integrated sustainable WM 




2019), integrated municipal solid waste management (Iqbal et al., 2019) and integrated 
municipal waste management (Morero et al., 2020).  This is an indication that the phrase 
‘integrated sustainable WM’ did not find much appeal amongst researchers.  Sustainability 
and sustainable development are growing concerns and the term sustainable have become 
an increasing popular ‘buzz’ word that also found its way into SWM.  Wilson et al. (2012) and 
UNEP & ISWA (2015) state that integrated sustainable WM is becoming the norm in discussion 
of SWM.  Sustainability is definitely a concern for governments, researchers, service providers 
and communities, and copious research are conducted regarding the sustainability of SWM – 
thus the norm in SWM.  However, reviewing the literature it is obvious that IWM and ISWM 
include sustainability dimensions, without having to include it in the ‘title’ of research papers 
or government documents. 
McDoughall et al. (2001:15) use the phrase IWM and define it “Integrated Waste 
Management systems combine waste streams, waste collection, treatment and disposal 
methods, with the objective of achieving environmental benefits, economic optimisation and 
societal acceptability.  This will lead to a practical waste management system for any specific 
region”.  They further state that to be environmentally effective the waste management 
system must reduce as much as possible the environmental impacts of SWM.  The systems 
must also operate at a cost acceptable to the community to be economically affordable.  
Lastly, to be socially acceptable such system must operate in a manner that is acceptable for 
the majority of the community.  However, it is very seldom that all three aspects can be 
minimised at the same time and there will always be trade-offs (McDoughall et al., 2001).  
Researchers agree that ISWM must include all three dimensions (Petts, 2000; McDougall et 
al., 2001; Morrissey & Browne, 2004; Marshall & Farahbakhsh, 2013).  Figure 2.20 (Marshall 
& Farahbakhsh, 2013) provide a schematic diagram of ISWM that incorporates environmental, 





Figure 2.20: Integrated solid waste management (Marshall & Farahbakhsh, 2013). 
For a waste management system to be integrated and sustainable it should have control over 
all types and sources of solid waste, include an optimised waste collection system and efficient 
storing that allows for one or more of options of recycling, biological treatment, thermal 
treatment and landfilling, be market orientated (energy and materials have end uses), flexible 
so that it can be improved and socially acceptable (Guerrero et al., 2013; Cervantes et al., 
2018).  Marshall & Farahbakhsh (2013) expands on this and state that it should be tailored to 
a specific community, incorporate all stakeholders’ needs and perspectives and the local 
context – from the technical through to the cultural, environmental, social, political, economic 




ISWM is a holistic ideal – having different meanings in practice.  Marshall & Farahbakhsh 
(2013), Wilson et al. (2015), Arbulú et al. (2016) and Zhou et al. (2017) state that often ISWM 
simply incorporates the waste hierarchy and stakeholders are engaged with in the early 
phase, but integration is lacking.  As ISWM incorporates some elements of the waste hierarchy 
and as the waste hierarchy is often employed in waste management, the next section expands 
on the waste hierarchy. 
2.6.2 The waste hierarchy 
The waste hierarchy can be traced back to Europe in the 1970s (Gertsakis & Lewis, 2003; 
Wilson, 2007; Marshall & Farahbakhsh, 2013) and was driven by the environmental 
movement that criticised the practice of disposal as the preferred method of waste 
management.  The waste hierarchy is a waste management model that is based on priorities 
and its approach is one of ‘prevention is better than cure’.  It is a move away from waste 
disposal towards more sustainable options in order of preference, namely reduction, reuse, 
recycling, recovery and finally landfill disposal (Figure 2.21).   
 
Figure 2.21: The waste hierarchy. 
(Credit: OpenLearn Create, https://www.open.edu/openlearncreate 
/mod/oucontent/view.php?id=80395&extra=thumbnailfigure_idm2788176) 
 
Wilson (2007) and Marshall & Farahbakhsh (2013) link the waste hierarchy with one of the 
drivers of waste management – the resource value of waste.  Researchers agree that the 




concept towards a more integrated and preventative waste management approach (Price & 
Joseph, 2000; Gertsakis & Lewis, 2003; Wilson, 2007; Marshall & Farahbakhsh, 2013).  With 
the adoption of the waste hierarchy, a multitude of new terms emerged such as waste 
minimisation, waste reduction, pollution prevention, source reduction, etc. (Marshall & 
Farahbakhsh, 2013). 
The waste hierarchy is an important element in the guiding and formulation of waste 
management programmes, policies and regulations (Gertsakis & Lewis, 2003) and many 
governments, industry members, environmental groups and industry members have adopted 
and endorsed it.  However, it also sparked criticism such as Seadon (2006:1328) that describes 
the acceptance of the waste hierarchy as “an almost mantra-like acceptance among waste 
professionals”.  Price & Joseph (2000) and Wilson et al. (2015) state that important issues in 
the waste hierarchy is overlooked, namely that it should be a guiding framework and not the 
law and that reduction in demand is not included.  McDoughall et al. (2001) criticise the waste 
hierarchy as a rigid use of a priority list that has little use when a combination of waste 
management options is used.  Further criticism by them is that it does not address costs and 
can therefore not assist in the assessment of the economic affordability of waste systems, 
lacks scientific or technical basis, and does not make room for the wide variety of specific local 
situations where waste management systems must operate effectively. They propose a 
holistic approach rather than a hierarchy of preferred waste management options.   
The municipal waste problem is a matter of concern in high-income countries due to the 
amount of waste generated, but is a significant problem in developing countries (Al-Khatib et 
al, 2010; Guerrero et al., 2013; Marshall & Farahbakhsh, 2013; Wilson et al., 2013; Nguyen et 
al., 2015; Filho et al., 2016; Da Silva et al., 2019, Das et al., 2019; Esmaeilizadeh et al., 2020; 
Morero et al., 2020).  Many developing countries adopted the waste hierarchy and ISWM but 
face numerous challenges in the management of solid waste.  The next section discusses 
waste management in developing countries. 
2.6.3 Waste management in developing countries 
There is a large body of research conducted on waste management in developing countries.  
To name a few recent publications – Al-Khatib et al. (2010) researched waste characterisation, 




investigated SWM challenges for cities in developing countries, Marshall & Farahbakhsh 
(2013) reviewed systems approaches to ISWM in developing countries, Pujara et al. (2019) did 
a review on Indian municipal SWM practices, Wilson et al. (2013) used integrated sustainable 
WM to examine how cities in developing countries have managed their solid waste problems, 
Miezah et al. (2015) researched how MSW characterisation and quantification can assist 
effective waste management in Ghana, Zhou et al. (2017) evaluated local performance of solid 
waste management in Chinese cities, Morero et al. (2020) proposed optimal process design 
for ISWM with energy recovery in Argentina, and Ibáñez-Forés (2019) assessed the social 
performance of municipal solid waste management systems in developing countries. 
With an increase in living standards and migration into cities in the developing world, solid 
waste generation is overwhelming authorities in developing countries.  UNEP & ISWA (2015) 
state that “In response to this, governments are seeking to learn from experiences elsewhere 
and to ‘leapfrog’ the slow, step-by-step progress that most developed countries made over 
the last century and a half”.  The literature is full of examples of developing and emerging 
countries that made substantial progress in the management of solid waste and using ISWM 
(Wilson et al., 2013; Zen et al., 2014; Zen & Siwar, 2015; Filho et al., 2016; Abd’Razack et al., 
2017; Da Silva et al., 2019).  However, implementation and enforcement are often lacking 
(Wilson, 2007; UNEP & ISWA, 2015; Van Niekerk & Weghmann, 2019).  Wilson (2007) states 
that the key driver in many developing nations is still waste collection and even though 
environmental protection came to the forefront and technical standards are increasing, many 
developing countries seem to still be struggling with these first steps.  He further 
acknowledges that in “some countries, simple survival is such a predominant concern, that 
waste management does not feature strongly on the list of public concerns” (Wilson, 
2007:204).  The resource value of waste is an important driver in many developing countries 
(Wilson, 2007; UN-Habitat, 2010; Marshall & Farahbakhsh, 2013) and the informal waste 
sector provides the urban poor with a livelihood.   
Poor waste management practices, uncontrolled dumping of waste and open burning of 
waste are still problematic in developing countries.  The main MSW treatment remain 
landfilling and open dumping, with the resultant impacts on public health and the 




are identified in the literature.  It is important to examine these barriers as they play an 
important role in the developing of ISWM systems in developing countries. 
Urbanisation, inequality and economic growth 
The UN (2016) in their report on world’s cities give the following data regarding cities.  In 2016 
an estimated 54.5% of the world’s population lived in urban areas and it is projected to 
increase to 60% by 2030.  At the same time there were 512 cities with more than a million 
inhabitants, and this is projected to increase to 662 by 2030.  Megacities (with populations 
between 5 and 10 million) were 45 in 2016 and is expected to increase by another 29 by 2030 
– with 25 of these in developing countries.  This predicted increase in population, together 
with an increase in living standards and the resultant increase in waste generation, will put a 
further considerable burden on local governments that are currently not copying with 
providing MSW management to all residents.   
A characteristic of the rapid urbanisation in developing countries is the growth in informal 
townships (slums) and this raises concerns about the inability of local governments to provide 
services to the residents.  Sanitary conditions are appalling, and waste collection services are 
limited to non-existent in these unplanned settlements – even though these areas have the 
greatest need for these services (Marshall & Farahbakhsh, 2013).  Waste in high-income 
residential areas and urban centres are more frequently collected than in low-income or 
suburban areas (UNEP, 2018a). The urban poor is already exposed to poor environmental 
quality (Damery et al., 2008) and the lack of proper waste management services exacerbate 
the inequality experienced in these communities.   
Insufficient financial resources 
Several financial factors are contributing to the struggle to provide SWM services in low- to 
middle income countries.  Filho et al. (2016) state that rather high costs are associated with 
waste management.  In low- and middle-income countries, SWM can be one of the largest 
budgetary items for municipalities.  Different figures are given regarding the cost of waste 
management services.  Othman et al. (2013) estimate that between 20% to 40% of the total 
budget of SWM is spend on waste collection, transfer and transportation, while Guerrero et 




waste collection services, yet in 2012, only 55% of total waste generated was collected (UNEP, 
2018a).   
Often national governments do not financially support municipalities where users do not pay 
for services and there is a lack of proper use of economic instruments to foster waste 
management (Medina, 2010; Guerrero et al., 2013).  In developing countries not all residents 
have the ability to pay for waste collection and this has a direct impact on a municipality’s 
ability to render waste management services.  Less than half of residents in African cities pay 
for waste services (UN-Habitat, 2010) and examples include Cameroon (10%), Moshi, 
Tanzania (35%) and Nairobi, Kenya (45%).  This results in lack of funds for SWM that is further 
worsened by insufficient resources from municipal tax revenues and the mismanagement of 
funds (Guerrero et al., 2013; Marshall & Farahbakhsh, 2013).   
The proper and reliable provision of waste management services and the implementation of 
projects to modernise and optimise existing waste management systems are also hindered by 
insufficient budgeting (Filho et al., 2016).  Wilson (2007) state that due to lack of financial 
resources, municipalities are not able to sustain expensive imported facilities that aims to 
improve waste management systems.  This causes that planned waste management projects, 
often to reduce the reliance on landfilling, not to be completely implemented.  Likewise, 
recycling and reuse schemes implemented in cities in the developing world under private 
initiatives do not get any governmental financial support (Filho et al., 2016). 
Poor infrastructure 
The lack of sufficient funds severely impacts the infrastructure needed for ISWM – from the 
collection, transport and storage of waste to the equipment needed and implementing 
projects such as recycling programmes that need its own infrastructure.  One of the first steps 
of ISWM is to move away from landfilling and this would need equipment such as waste 
containers for recycling, sorting facilities, storage facilities, treatment plants, etc.  Filho et al. 
(2016) and UNEP (2018a) give the example of informal townships where waste collection 
cannot be carried out due to lack of space for waste containers, narrow roadways and 
unsurfaced roads that collection vehicles cannot manage.  The provision of waste collection, 
transfer and transport are important in waste management services, but it represents a 




Technical aspects and lack of knowledgeable staff 
Hazra & Goel (2009) identified the lack of technical skills among staff working with waste 
management in municipalities and government authorities as a factor hindering the 
implementation ISWM.  This viewpoint is confirmed by Guerrero et al. (2013) that state that 
many local waste management authorities in developing countries lack knowledge about 
treatments systems and technical skills and organisational capacity. UNEP (2018a) state that 
municipalities in Africa often do not have the technical capacity to provide efficient services 
to all residents.  Wilson (2007) gives the example of Latin America where SWM is not seen as 
an honourable profession and Vidanaarachchi et al. (2006) state that waste workers are 
associated with a low social status in Sri Lanka.  This may explain the shortage of skilled staff 
in municipalities in developing countries.  The lack of suitable staff contributes to the inability 
of municipalities to implement new projects aimed at moving away from landfilling and 
implement proper and controlled waste management (Marshall & Farahbakhsh, 2013).  Often 
ISWM are not completely implemented because there is not trained staff to do this.  Other 
factors identified in the literature are insufficient technologies and reliable data on waste 
streams and waste generation (Filho et al., 2016).   
As mentioned earlier, governments are seeking to learn from experiences elsewhere and thus 
often technologies are transferred from developed countries.  Medina (2010) is of the opinion 
that the experience on the use of advanced technologies in developing countries has largely 
been negative.  Often such imported technologies (such as sophisticated vehicles and 
equipment for treatment) are not appropriate for local conditions and breakdown (Marshall 
& Farahbakhsh, 2013).  African countries are slowly moving away from open dumping to 
controlled dumping and landfilling and finally engineered landfilling.  However, engineered 
landfills are often not operated in accordance with design specifications due to the lack of 
skilled staff (UNEP, 2018a). Thus, transfer of technologies should be adapted for local 
conditions and require highly skilled staff – that in turns require additional financial resources 
to be committed by municipalities in developing countries. 
Lack of appropriate legislation and weak enforcement 
The literature gives detailed information on the different types of legislation, policies and 




however, state that often these are similar to those existing in the developed countries and 
give the examples of Thailand, Malaysia and China.  Adopting policies, regulations and 
legislation not suitable for developing countries result in weak implementation and ineffective 
enforcement.  Koneth (2009) argues that weaknesses in policies are one of the critical causes 
of the failure of SWM systems in developing countries as the formulation and implementation 
are inadequate.  The lack of political and legal will hinders the effectiveness of ISWM (Filho et 
al., 2016; UNEP, 2018a) and SWM is not always a high priority for local and national 
government (Marshall & Farahbakhsh, 2013).  Other social and political issues, such as 
provision of health care and housing, often take precedence and little financial resources are 
made available for SWM. 
Cultural and socio-economic aspects 
The local and cultural context of rapidly expanding cities play a crucial role in SWM.  These 
cities are characterised by diverse social and ethnic groups that greatly influence 
municipalities’ capacities to implement SWM strategies (Schübeler, 1996 in Marshall & 
Farahbakhsh, 2013).  Residents’ awareness and attitudes towards SWM can impact the 
system – from sorting of waste at source, the demand for collection services, the participating 
in recycling programmes to the willingness to pay for SWM services.  The socio-economic and 
cultural context of a community also influences the waste composition generated.  Coffey and 
Coad (2010) give the examples of high literacy rates that increase the paper content of waste 
and wealthier residents that often discard durable items such as clothing and electrical 
equipment instead of repairing them.  They further state that social attitudes play a role in 
the disposal of waste, whether it is disposed of in an appropriate manner or whether it is 
illegally dumped.  Thus, unless municipalities do not develop waste management systems that 
take into consideration the cultural and socio-economic aspects of the residents, ISWM is set 
up for failure. 
Low involvement of formal and informal private sectors 
Filho et al. (2016) express the opinion that despite the important role of government in SWM, 
experiences from developed countries showed that waste management practices require the 
involvement of the formal private sector to succeed.  They further state that often the 




guidance, low private sector development, insufficient funds and lack of knowledge to sustain 
waste management services.  Imam et al. (2008) are of the opinion that the private sector is 
often better placed than municipalities to provide SWM services and infrastructure at a lower 
cost.  However, such service is typically only provided to those who are able to pay. 
In many developing countries, informal waste pickers contribute significantly to waste 
management (Gunsilius, 2011; UNEP, 2018a) and can bring significant economic benefits to 
developing countries (Wilson et al., 2006).  The informal waste sector suffers from official 
recognition and in many countries policies towards the informal sector are largely negative 
and their potential is not recognised by authorities (Filho et al., 2006; Wilson et al., 2006; 
Gunsilius, 2011).  ISWM in developing countries could be more successful if the system takes 
into account the experience available in the informal sector (Filho et al., 2006) and 
incorporating existing informal systems into the operations of waste management (Wilson et 
al., 2006).  The political will to integrate the informal sector and provide legal recognition to 
them is very important if the waste management systems in developing countries is to 
succeed.   
This section outlined waste management from a global perspective, explained the drivers of 
waste management and the waste hierarchy.  Barriers hindering waste management in 
developing countries were identified and discussed.  The next section provides a detailed 
discussion in the context of the South African SWM systems. 
2.7 Waste management in South Africa 
Similar to other developing countries South Africa is faced with the growth in waste 
generation, and the management of solid waste is becoming increasingly important.  The 
proper management of waste requires a good understanding of the different types of waste, 
the quantities generated and how this waste is managed.  Sections 2.5.3 and 2.5.4 outlined 
waste generation and composition in South Africa, Gauteng and the CoJ.  This section starts 
by discussing the barriers to proper and effective waste management in South Africa, followed 
by the waste legislative and regulatory framework and ends with the responses of the 






The SoWR (DEA, 2018) identifies a number of drivers and pressures affecting the generation 
and management of waste in South Africa.  The SoWR explains drivers as human induced 
agents driving change in the waste sector, while pressures are seen as human activities and 
processes that directly cause change in the generation and management of waste.  By ‘mixing’ 
drivers and pressures, the SoWR differs from the methodology, research and discussions 
found in the literature.  For example, in Section 2.6 and Figure 2.19, the main drivers of SWM 
(as found in the literature) were identified as public health, the environmental movement, 
resources scarcity, climate change and public awareness and participation.  Section 2.6.2 
outlined the main barriers of SWM in developing countries.  An example where the SoWR 
differs from the literature is the view that economic growth is seen as a driver, while in the 
literature it is rather seen as a barrier (pressure).  The SoWR also identifies what can be 
considered as barriers – weak enforcement, weak governance, etc. – as ‘challenges’ under a 
heading ‘developing context’.  These are identified as barriers in the literature.   This deviation 
of the general methodology used in the literature, makes it difficult to compare the South 
African situation with other countries in the world.   
Population growth 
Population growth and the associated increase in consumption and waste generation is the 
first barrier identified in the SoWR.  In 2013 the estimated population in South Africa was 53 
million and for 2019 it is 58.78 million (StatsSA, 2019a).  This presents an increase of almost 6 
million people in a seven-year period.  Gauteng is home to 25.8% of the South African 
population (StatsSA, 2019b) even though it is the smallest province in the country that only 
covers 1.5% of the total land of South Africa. 
Economic growth 
The second pressure identified by the SoWR is economic growth.  The average economic 
growth rate for the period 2008 to 2012 was recorded at around 2% (StatsSA, 2019b) and 
largely as a result the global economic recession.  Despite this, the gross domestic product 
(GDP) increased from R3.54 trillion in 2012 to R4.65 trillion in 2017 (DEA, 2018).  As the 




growth means an increase in the amount of waste generated.  Provinces with a higher GDP 
are likely to experience greater pressure in the provision of SWM.  Figure 2.22 presents a 
breakdown of the contribution of each province to the national GDP in 2016 with Gauteng as 
the largest contributor (35%).   
 
                                    Figure 2.22:  Contribution of each province to the national  
                    GDP in 2016 (Adapted from DEA, 2018). 
Standard of living 
Another barrier (pressure) discussed in the SoWR is income level that shows a strong 
correlation with standard of living and the consumption of goods and services.  An exponential 
growth in waste generation is anticipated with the rise of middle-income earners and if 
current consumption patterns persist (DEA, 2017a).  According to StatsSA (2017), the majority 
of residents in South Africa come from middle-income households (73%), 16% from low-
income and 11% from high-income households.  Gauteng has the highest percentage of high-
income households (20%) and the second lowest percentage of low-income households (9%) 
in South Africa.   
Urbanisation 
Urbanisation is a well-documented problem in SWM and in 2014/2015, 64% of the South 
African population lived in urban areas (StatsSA, 2017).  By 2030 this rate is predicted to 
increase to 71% and 80% by 2050 (PMG, 2019).  SWM management is generally considered 




On average, residents in urban areas consume more products and record lower rates of reuse 
and recycling than those in rural areas (DEA, 2018).  Gauteng has the highest residents living 
in cities (97%) and it is estimated that a further 1.6 million people will migrate to this province 
for the period 2016-2021 (StatsSA, 2019a).  This migration to urban areas, increase the 
poverty and inequality experienced in especially townships, informal settlements and inner-
city areas, that in turn results in pressure in providing waste collection and management 
services. 
Insufficient financial resources and budgeting 
The NWMS (DEA, 2011b:6) state “Waste management suffers from a pervasive under-pricing, 
which means that the costs of waste management are not fully appreciated by consumers and 
industry, and waste disposal is preferred over other options”.  Municipal budget allocations 
do not always reflect waste management as a priority service (DEA, 2010) and thus the 
mobilisation of financial resources is a challenge in SWM.  Figure 2.23 shows that refuse 
removal charges is the smallest contributor to municipal revenue with 2.8% in 2018 (StatsSA, 
2019c).  The expenditure on SWM of municipalities in 2018 was 3.7% (calculated using data 
from StatsSA, 2019c).  This means that municipalities receive almost 1% less revenue when 
compared with the expenditure on SWM.  The National Treasury (2011) reports that striking 
feature of municipalities’ SWM budgets is that budgeted revenues do not cover budgeted 
expenditures.  In most municipalities, households pay a fixed monthly rate for refuse removal 
and does not vary by the amount of waste generated.  Thus, households do not pay the ‘true 
cost’ of SWM and such tariff structure do not provide incentives for recycling at household 
level.  Furthermore, such under-recovery of costs means that municipalities have to subsidise 
SWM services from other revenue streams.  This paints a dire picture for ISWM in South Africa 
as additional infrastructure such as containers for recycling, sorting stations, alternative 






Figure 2.23:  Municipal revenue stream for the year ended 30 June 2018  
          (Adapted from StatsSA, 2019c). 
          (Other revenue consists of fines, licences and permits, public contributions, etc.) 
Godfrey et al. (2013) in their research on barriers to good waste management practice in 
South Africa, state that both municipal and private sector respondents in their study noted 
insufficient funds as a barrier to proper waste management in municipalities.  They further 
explain that the relatively high salaries paid to municipal officials severely limits the funds 
available for operational and capital expenditure needed to provide waste services.  In an 
earlier study Godfrey & Oelofse (2008) list the capping of municipal budgets, not recovering 
the cost of landfilling, delays in finalising municipal budges, theft of infrastructure and the 
reduction of operational waste budgets by senior managers as challenges faced by 
municipalities. Madubula & Makinta (2012) identified a number of critical issues regarding the 
financing of waste management in South Africa.  Those relevant to financial resources and 
budgeting are: 
• the lack of a standardised approach in setting tariff structures for SWM services;  
• ring-fencing funds from the Municipal Infrastructure Grant for capital expenditure on 
specific infrastructure; 
• waste management funding that is distributed across the three tiers of government 
(national, provincial and local government); 
• poor optimisation of maintenance and operational costs of waste management 




• failure to operate SWM services with sustainable cost recovery models; 
• lack of clear guidance on sources and requirements for alternative financing of waste 
management projects; and 
• lack of will in municipalities to develop and implement innovative SWM projects that 
will provide job creation, cost reduction, improved service delivery and revenue 
creation. 
Another factor that impacts the ability of municipalities to deliver and finance SWM services 
is that waste management is classified as a free basic service in South Africa.  The number of 
consumers that received free solid waste management services in South Africa for 2018 was 
2.6 million of which 826 611 resided within Gauteng (StatsSA, 2019d).  Although the 
percentage of consumers receiving free solid waste management services in South Africa 
decreased by 2.3 % in 2018 (26.3%) when compared with 2017 (28.6%), the percentage for 
Gauteng increased by 2% for the same period and was 24.5% in 2018 (StatsSA, 2019d).  This 
means that approximately a quarter of South Africans cannot pay for solid waste management 
services.  This, together with the fact that municipalities spend more on SWM than the 
revenue they receive from SWM charges, puts tremendous financial pressure on 
municipalities in providing SWM services.   
Increased complexity of waste streams and lack of waste data 
Both the NWMS (DEA, 2011b) and the DEA (2017a) state that due to urbanisation and 
industrialisation, there is an increase in the complexity of waste streams.  The increase in both 
volumes and complexity of waste streams put added pressure on SWM services and 
infrastructure – from collection to treatment and disposal.  This affects the complexity of 
SWM that is compounded when hazardous waste is mixed with general waste and could lead 
to improper waste management practices.  Added to this is the limited understanding of the 
main waste flows.  Even though it is required by the Waste Act to report waste data on SAWIS, 
waste data is often unreliable and contradicting and the data collection systems are 
ineffective (DEA, 2011b; DEA, 2016a; GDARD, 2017).  The question therefore arises on the 
accuracy of the tonnages reported for the CoJ as discussed in Section 2.5.4 and Table 2.4.  As 
stated, there was no significant increase in waste disposed and collected over a period of five 




(CoJ, 2019) and Pikitup admits there is low participation in the S@S programme (Pikitup, 
2016).  Thus, with population growth reported and low recycling rates, it is doubtful that there 
would be almost no increase in waste generated and disposed.  This poses the risk that data 
do not reflect the true state of waste generation, management, recycling and disposal 
initiatives.  The lack of reliable data makes the planning of waste services and infrastructure 
challenging. 
Capacity 
Cooperative Governance and Traditional Affairs Minister Zweli Mkhize indicated that the 
ability of municipalities to deliver services is dependent on officials having the necessary skills 
and expertise (Kekana, 2018).  Research conducted by Oelofse & Godfrey (2008a) identified 
that there is a dire need for capacity building and training among municipal staff.  They further 
state that services delivery failures at municipal level can often be attributed to staff with 
insufficient experience or the incorrect formal training and qualifications to perform their 
duties.  The low morale of staff and the high percentage of vacancies were also identified by 
Godfrey & Oelofse (2008) as barriers that lead to high absenteeism in municipalities.  
Schoeman & Galela (2015) in their study of the CoJ, found that there is a lack of experience 
and a high turnover rate within the waste management division, with 66% of staff less than 5 
years in their current position.   
Infrastructure 
There is a growing pressure on outdated waste management infrastructure.  Furthermore, a 
decline in capital investment and maintenance (DEA, 2011b; DEA, 2016a) further strains the 
ability of municipalities to deliver SWM services to all residents.  The DEA (2015) 
acknowledged that there is a lack of adequate funds to implement the necessary systems and 
infrastructure for waste management.  Godfrey et al. (2013) noted that aging municipal waste 
equipment is not replaced due to lack of capital investments.  The NWMS (DEA, 2011b) state 
that there is a historical backlog of waste services in especially informal townships, tribal areas 
and rural formal areas.  According to the General Household Survey (StatsSA, 2019e), only 
64.7% of households receive refuse removal at least once per week in 2018.  The absence of 
recycling infrastructure, such as material recovery and buy-back facilities, does not enable 




DEA, 2017a).  The diversion of waste from landfills should become a priority as cities are 
rapidly running out of landfill airspace.  Finding suitable land for new landfill sites is 
increasingly difficult as competition for land is high in urban areas. 
Governance and enforcement 
The provision of waste collection services is the responsibility of municipalities.  However, 
many municipalities have limited capacity to provide this service (DEA, 2018).  According to 
the Minister of Cooperative Governance and Traditional Affairs, Minister Zweli Mkhize, the 
majority of South African municipalities are either in distress or dysfunctional (Ndenze, 2018).  
He further stated that only 7% of South African municipalities are considered to be functional.  
This situation required national government intervention that deployed interventions to assist 
87 of the 257 municipalities (SAnews, 2019).  In a study conducted by the South African 
CitiesNetwork (2014) regarding the state of waste management of cities, the following were 
listed as challenges in governance: 
• institutional and governance structures for SWM services are not clearly defined; 
• there is a lack of governance frameworks and municipal policies; 
• national government does not provide proper supporting instruments, framework and 
resources on the waste hierarchy and that it has negatively impacted municipalities 
ability to develop programmes to divert waste from landfills; 
• lack of supporting mechanisms from national government, including resources, for the 
rehabilitation of old landfill sites;  
• compliance to landfill licensing conditions and requirements is a challenge for 
municipalities; 
• there is a lack of proper city reporting, data and information on waste services and 
management; and 
• there is a lack of co-ordination between municipalities and private waste service 
providers.   
A dominant narrative that emerged in the Godfrey et al. (2013) study, is the strong political 
involvement in waste management decision-making and service delivery reported by 
municipal respondents.  They report that political appointments are not seen by officials as 




decisions made often result in increased or incorrect expenditure.  As decisions are made by 
the municipal council and senior management, municipal staff working with waste 
management and whose responsibility it is, do not have the authority to do so (Godfrey et al., 
2013).  However, the influence of political connections is not limited only to decision-making 
level, but also on the labour workforce involved with waste.  Unions are seen to influence on 
how municipalities operate, through their political alliance with the governing political party 
(Godfrey et al., 2013).   
Even though South Africa has legislation to manage waste, there is a lack of enforcement.  
Lack of enforcement of waste legislation undermines the effectiveness of the legislation to 
regulate waste management (UNEP, 2018a).  According to Van Niekerk & Weghmann (2019), 
even where waste legislation is relatively strong like in South Africa, the implementation and 
enforcement is often week (Van Niekerk & Weghmann, 2019).  Weak enforcement 
undermines legislation and promotes a culture of not complying as there are no consequences 
for non-compliance. 
A barrier identified by Godfrey et al. (2013) that negatively impacts the private sector is ‘red 
tape’ or bureaucracy.  This is especially the case when ensuring compliance and respondents 
in their study indicated they are often constrained by facility permit conditions.  The 
respondents indicated that the process of issuing licenses or permit amendments by 
authorities as a very slow, bureaucratic process that does not add any value to waste 
operations.  Another pressure on private waste facilities is that the “strict auditing of waste 
facilities ‘to the letter of the permit conditions’ ... means that companies are often very 
reluctant to proceed with new activities, even if they lead to an improvement in the way waste 
is managed” (Godfrey et al., 2013:303). 
This sub-section discussed the barriers and pressures experienced in waste management in 
South Africa of which there are numerous.  There is an extensive legislation framework 
available that guides waste management in South Africa, but Godfrey & Oelofse (2017) are of 
the opinion that this framework has made it more challenging for the public and private sector 
to remain compliant and divert waste from landfills.  The next section outlines the waste 




2.7.2 Waste legislative and regulatory framework 
The view expressed above by Godfrey & Oelofse (2017) is one of many found in the literature 
regarding the legislative and regulatory framework.  The NWMS (DEA, 2011b) state that the 
policy and regulatory environment in South Africa does not actively promote the waste 
management hierarchy and has limited the economic potential of the waste management 
sector.  Monetary Library (2107) state that: “In spite of South Africa’s waste legislation being 
in conformation to global standards, the nation is lacking in both supervision and 
implementation of effective modern waste management”.  There is a copious amount of 
legislation and regulations that govern waste management in South Africa and Figure 2.24 
shows the legislative structure for waste management. 
 
Figure 2.24: Legislative structure for waste management in South Africa (DEA, 2017a). 
Environmental rights and the right to a healthy environment are contained in the Constitution 
of South Africa (Act 108 of 1996), Section 24.  It also mandates the State to ensure compliance 
with the environmental rights and health of people of South Africa.  Principles for 
environmental management in South Africa are set by the National Environmental 
Management Act (Act No. 107 of 1998) that also defines the framework for specific 
environmental management acts.  These acts are the third level (as illustrated in Figure 2.24) 




Forestry and Fisheries (DEFF)1 to manage waste in South Africa in such a way as to protect the 
health and the environment by providing reasonable measures for the prevention of pollution 
and degradation (RSA, 2008).  Waste avoidance and minimisation, together with reducing, 
reusing, recycling and recovery of waste, are required by the Waste Act. 
The NWMS is a legislative requirement of the Waste Act and its purpose is to achieve the 
objects of the Waste Act (DEA, 2011b).  The NWMS requires the need to develop plans, 
guidelines, procedures, and systems related to waste management.  As mentioned in Chapter 
1, the NWMS is structured around a framework of eight goals and targets for each of the eight 
goals that should have been met by 2016.  Goal 1 of the NWMS is applicable to this study and 
Table 2.5 provides a summary of Goal 1 and the targets for 2016.   
Table 2.5:  Summary of the NWMS Goal 1 and 2016 targets (DEA, 2011b). 
 Description Targets (2016) 
Goal 1 Promote waste minimisation, 
reuse, recycling and recovery of 
waste 
• 25% of recyclables diverted from landfill sites for 
reuse, recycling or recovery. 
• All metropolitan municipalities, secondary cities and 
large towns have initiated separation at source 
programmes. 
• Achievement of waste reduction and recycling targets 
set in industry IWMPs for paper and packaging, 
pesticides, lighting and tyre industries. 
 
The Waste Act also provides that the Minister identifies industries to, or industries themselves 
on a voluntary basis, develop an industry specific waste management plan that specifies the 
amount of waste generated, measures to prevent pollution and targets and measure for 
waste minimisation.  The Waste Amendment Act (2014) requires provincial government and 
all municipalities to develop Integrated Waste Management Plans (IWMP).  An IWMP requires 
that municipalities indicate how they will deal with waste and the resources allocated for 
waste management.   
As discussed in Section 2.1, the first definition of waste in South Africa can be found in 
Environmental Conservation Act (Act No. 73 of 1989) that also set out the requirements for 
waste management.  Since then, a myriad of policies, legislation and regulations were 
published that make it extremely difficult for the private sector to comply with all the 
legislative requirements.  In fact, a number of private sector role-players admitted to the 
 
1 After a cabinet reshuffle in November 2018, the Department of Environmental Affairs (DEA), was replaced by 




researcher that they found it impossible to comply with all the regulatory requirements and 
at the same time remain competitive and run a profitable business.  The opinion that one 
needs to be either an expert in environmental law or employ an environmental 
consultant/lawyer to understand all the requirements was also expressed.  This seems to be 
especially the case if a waste management license is required that is contained in Schedule 1 
of the Waste Act.  If involved in storage and transfer of waste, recycling and recovery of waste 
(particularly in large amounts), treatment of waste and disposal of waste on land, a waste 
management license is required.  Other than complying with the national regulatory 
framework, service providers also have to comply to provincial and municipal legislation, such 
as municipal by-laws.   
This view is also shared by Godfrey & Oelofse (2017) that did a historical review of waste 
management and recycling in South Africa.  They expressed the opinion that: “… this has 
resulted in an environment in which waste reuse, recycling and recovery activities have 
become extremely difficult to implement, without triggering extensive legislative 
requirements” (Godfrey & Oelofse, 2017:7).  The results of their study are summarised in 
Figure 2.25.  They identified four main stages of waste management in South Africa, namely 
‘The age of landfilling’, ‘The emergence of recycling’, ‘The flood of regulation’ and ‘The Drive 
for EPR’ (extended producer responsibility).   
As illustrated in Figure 2.25, the regulation of waste over the past three decades started off 
slowly, but since the Waste Act (2008) an ‘explosion’ of regulations and legislation occurred.  
Thus, it is no surprise that the private sector considered legislation to be a major constraint in 
operating a profitable business.  In addition to the legislation and regulations outlined in 
Figure 2.25, Godfrey & Oelofse (2017) identified a further 41 National Acts that can have a 
direct or indirect bearing on waste management in South Africa.  It can be assumed that the 
purpose of such legislation and regulations are to protect human health and the environment 
and to effect proper waste management – but in reality the legislative and regulatory 













Worldwide and in South Africa there are numerous ways to respond to the problems of waste 
generation and waste management.  The next section outlines responses to mitigate or 
prevent the impacts resulting from waste generation and management in South Africa. 
2.7.3 Responses 
There are a number of responses and instruments that can be used to reduce the impact of 
waste and for proper waste management.  Figure 2.26 summarises the instruments available 
that starts with ‘command-and-control’ regulation to instruments that promotes partnerships 
and co-operation.  The SoWR (DEA, 2018) discuss legislative instruments (indicated as 
regulatory instruments in Figure 2.26), as South Africa’s first response to waste generation 
and management.  As the previous section covered the legislative and regulatory framework 
for waste management, this section outlines other responses. 
 
Figure 2.26:  Instruments for waste management (Godfrey, 2015). 
Economic instruments 
As discussed in Section 2.7.1, one of the barriers of waste management in South Africa is the 
prevalent under-pricing of waste management that impacts the financial resource available 
to provide proper waste management services.  A response to address this issue was the 




that is a legislative requirement of the Waste Act and provides the basis for the use of 
methodologies for setting of waste management charges.  The aim is to provide funding for 
the reuse, recycle and recovery of waste and the implementation of industry waste 
management plans that generate specific waste streams.  According to the DEA (2017a), the 
NPSWM aims to create better economic conditions for private sector to enter the waste 
management industry and provide an enabling environment for recycling and contributing to 
the recycling economy.  The NPSWM identifies upstream and downstream economic 
instruments that can be used (Figure 2.27).   
 
Figure 2.27:  Economic instruments (DEA, 2016b). 
The purpose of upstream instruments is to introduce taxes based on upstream activities (e.g. 
producers) and it can include product, material and input taxes.  By extending the ‘polluter 
pays principle’ further upstream, taxes can be levied on material used in production (e.g. 
virgin materials) to promote the use of recycled materials.  The purpose of advance recycling 
fees is to raise funds to cover the costs of collection and recycling activities that occur 
downstream.  By using a deposit refund scheme, consumers are provided with an incentive 
to return a product/material for reuse or recycling.  EPR fees are used to pay for EPR schemes 
that will ensure that supporting infrastructure and alternative systems are put in place for the 




The two downstream instruments proposed by the NPSWM are volumetric tariffs and disposal 
taxes.  Currently, in most municipalities, waste generators pay the same amount for waste 
collection services.  The volumetric tariff instrument’s purpose is to charge variable rates 
based on the quantity of waste collected.  The DEA (2016b) state that there is an artificially 
low cost of landfilling that makes the recovery and recycling options in waste management 
unattractive alternatives.  Therefore, disposal taxes are proposed that include the external 
costs of landfilling. 
Two other fiscal instruments used in South Africa did not have the desired impact on waste 
generation and/or job creation.  A plastic bag levy was introduced in South Africa in 2003 with 
the purpose to reduce plastic bag consumption.  Initially, this resulted in a decrease of plastic 
bag use, but as consumers got used to paying the levy, the demand for plastic bags increased.  
The DEA (2018:74) state that “The plastic bag levy did not appear to change consumer 
behaviour or plastic waste production”.  The second levy charge is the tyre levy that is payable 
by manufacturers.  As mention in Section 2.5.3, REDISA was created to collect a levy on new 
tyre rubber and use it for waste tyre collection and recycling.  There is controversy 
surrounding the tyre levy and Comrie (2015) reported that the DEA has launched an 
investigation into how the more than R1 billion collected by the tyre levies has been spent.  
The researcher could not obtain any further information regarding this investigation and it 
might be due to the court action that was pending.   
Data collection 
The lack of waste data is well noted in the literature – both in South Africa and globally.  As a 
response to this, the South African Waste Information System (SAWIS) was developed by the 
DEA in 2005 that provides government, business and the public access to waste data.  From 1 
January 2013, it is obligatory to report waste management activities on SAWIS as required by 
the National Waste Information Regulations (DEA, 2017a).   
Waste RDI Roadmap 
The Waste RDI (research, development and innovation) Roadmap is a collaboration between 
the Department of Science and Technology (DST) and the Council for Scientific and Industrial 
Research (CSIR) to guide public and private sector investment in waste RDI over the next 10 




innovation, waste research and development and human capital development to divert waste 
from landfill towards value-adding opportunities.  A goal of the Waste RDI Roadmap is to grow 
the waste sector economy from 0.62% of GDP to 1-1.5% of GDP in the next five years through 
the waste recycling and waste-to-energy economy (DEA, 2017a). 
Compliance and enforcement 
Goal 8 of the NWMS seeks to establish compliance and enforcement with the Waste Act.  To 
effect compliance and enforcement environmental management inspectors are appointed.  
The primary function of these inspectors is to monitor and enforce the relevant environmental 
legislation.  From 2015 to 2017 the total number of inspectors has increased from 2 294 to 
2 880 (DEA, 2018).   
Job creation   
Three government responses that aim to create employment in the waste sector is the 
Working on Waste initiative, the Youth Jobs in Waste Programme and the Working for Energy 
Programme.  The Working on Waste initiative is part of moving to a circular economy and was 
implemented under the auspices of the Expanded Public Works Programme by the DEA (DEA, 
2017a).  This initiative has the aims of creating sustainable livelihoods through recycling, 
environmental education and awareness and to ensure that social and ecological 
sustainability is achieved by implementing sustainable waste management practices.  
According to the DEA (2017a), the following projects are included under the Working on 
Waste programme: 
• development of landfill sites; 
• construction of waste transfer stations; 
• construction of buy-back/recycling centres; 
• construction of material recovery facilities; 
• composting facilities; 
• street cleaning and beautification; 
• domestic waste collection; 
• greenest municipalities’ competition; and 




The Youth Jobs in Waste Programme was launched by the DEA in June 2013.  This programme 
was developed to specifically address the high unemployment rate in South Africa, and it 
identified the waste sector as a critical sector that can generate jobs in the green economy.  
The programme aims to create job opportunities, continuous up-skilling, on-the-job training 
and enterprise development for the youth (DEA, 2017a).  This programme has created 4 000 
job opportunities across South Africa since its launch by 2016 (Kilian, 2016) and numerous 
examples are found on news sites of successes of the programme.  For example, in 2016, the 
then Minister of the DEA, Minister Molewa launched a R30 million Youth Jobs in Waste 
Programme in Gauteng.  At that stage the programme provided 492 jobs for youths in the 
province (Polity, 2016).   
The Working for Energy initiative also falls under the Expanded Public Works Programme and 
the Department of Energy.  The Department of Energy appointed the South African National 
Energy Research Institute (SANERI) to implement the Working for Energy programme.  One of 
the objectives of this programme is the provision of renewable energy through waste to 
energy from MSW and biomass to energy (SANERI, n.d.).  Not much information could be 
found of this programme in the literature and the DEA (2017a) state that the concept of 
biomass to energy is still at its infancy in South Africa.  However, a few examples can be found 
on news sites such as the R400 million waste-to-energy plant that opened in Cape Town in 
2017.  The plant would use 500 tons of organic household, MSW and industrial waste per day 
and through anaerobic digestive processes, produce methane, food-grade carbon dioxide and 
organic fertilizer (Evan, 2017).  In Johannesburg there is the Joburg Energy to Waste Offset 
Project that captures methane from five landfill sites and turn it into electricity.  The next 
phase of the project will produce enough electricity to power 16 500 medium-sized houses 
and will make it the biggest landfill waste-to-energy project in South Africa (Climate Neutral 
Group, n.d.).   
Advanced integrated solid waste management 
Although Advanced Integrated Solid Waste Management (AISWM) is not listed in the SoWR 
or the State of the Environment Reports as a response, it is considered to be such by the 
researcher.  The AISWM programme is a partnership between the South African government 
and the German Development Cooperation that aims to make use of technologies and 




landfill.  The AISWM is defined as “the coherent and sustainable application of approaches 
and solutions that have the effect of reducing the amount of waste that needs to be landfilled” 
(DEA, n.d.).  In the South African context AISWM is the process to move waste management 
practices up the waste hierarchy – away from landfill towards recycling, composting, reuse, 
reduce and creating energy from waste.  The DEA (n.d.) further states that it does not 
necessarily demand the use of expensive technology but involves a blend of appropriate 
technologies and management systems. 
Currently there are two local municipalities involved in the project, namely the Rustenburg 
Local Municipality and the uMgungundlovu District Municipality.  These municipalities 
received tailored consultancy support in the preparation of their AISWM projects that take 
the local situation into consideration.  The intended results of these pilot projects are to 
disseminate knowledge, training on best practices and examples and lessons learned to 
decision-makers in other municipalities and at national level (DEA, n.d.). 
Capacity building and awareness raising campaigns 
The SoWR (DEA, 2018) state that a number of municipalities have or are planning to 
implement capacity building and awareness campaigns surrounding the different types of 
waste, waste minimisation, recycling and recovery and the impacts of waste.  To assist in this 
regard, the Waste Awareness Strategic Framework was developed in 2016.  The purpose of 
this framework is to assist local and provincial authorities to implement awareness raising 
campaigns.  The SoWR gives examples of awareness raising initiatives undertaken in provinces 
such as the establishment of environmental clubs and competitions at schools, workshops for 
municipalities on basic environmental management, etc.  Looking at the examples given, it is 
the opinion of the researcher that there is not enough capacity building and that most of the 
awareness initiatives are at schools and does not include the general public.   
Informal waste sector 
The SoWR (DEA, 2018) state that the informal waste sector is a key component of the waste 
sector in South Africa.  However, it is the experience of the researcher (Schoeman, 2018), and 
is also documented in the literature (Godfrey et al. 2017; Simatele et al., 2017) that the 
informal sector is often not part of the planning and implementation in municipalities.  




management in South Africa.  According to the DEA (2017b), the waste economy contributed 
approximately R24.3 billion to the South African GDP in 2016 – providing 36 000 formal jobs 
and an estimated 80 000 informal jobs.   
Efforts have been made to integrate/formalise the informal sector, but often resulted in 
failure.  For example, Sekhwela & Samson (2019) reported that a project to integrate waste 
pickers at a landfill in Johannesburg failed as waste pickers and officials had totally opposed 
conceptualisations of integration.  A reported 91.8% of waste recycling co-operatives in South 
Africa fail (Godfrey et al., 2017) indicating that there is an urgent need to pay attention and 
make it feasible for the informal sector to work in waste management.  They make an 
extremely valuable contribution in diverting waste from landfill and in protecting the 
environment, as well as saving municipalities between R309.2 and R748.8 million in landfill 
space in 2014 (Godfrey et al., 2016).   
Operation Phakisa 
To address poverty, unemployment and inequality, Operation Phakisa (‘phakisa’ means hurry 
up in Sesotho) is an initiative of the South African government to fast-track implementation 
of solutions to these issues (DEA, 2017b).  Operation Phakisa includes a number of 
laboratories of which chemicals and waste is one and in 2017 it identified that the waste 
management sector was not sufficiently developed.  In response to these four work streams 
were identified, with 20 initiatives, in the chemicals and waste sector (Figure 2.28).  In terms 
of MSW, initiative 6 to 10 in Figure 2.28, these initiatives are expected to divert 3.7 million 
tonnes of waste per year from landfills, provide around 15 000 direct and 21 200 indirect jobs, 





Figure 2.28:  Operation Phakisa – 20 initiatives in four work streams, including two cross-
cutting initiatives (DEA, 2017b). 
Avoidance, recycling and recovery 
There are a number of initiatives that were implemented or are being implemented to recover 
and recycle waste in South Africa.  These responses include material recovery facilities to the 
development of permanent crushers at transfer stations to recycle and recover demolition 
waste.  As recycling is the research area, this will be discussed in more detail in Section 3.1.3.   
A proposed and supported method of waste management is the recycling of waste.  It is a 
core priority of the waste hierarchy and one of the main themes of the Waste Act and NWMS.  






CHAPTER 3:  LITERATURE REVIEW:  RECYCLING AND RECYCLING BEHAVIOUR 
Recycling is an important component of ISWM (as discussed in Section 2.6.1) and the waste 
hierarchy (Section 2.6.2).  As stated before, governments all over the world are battling to 
cope and manage the large amounts of solid waste produced and are looking at ways to 
reduce the amount of waste to landfill.  The most efficient way to accomplish this goal is to 
increase the participation in recycling efforts.  This chapter starts by looking at recycling and 
a brief comparison between the situation in the developed and developing world is done, 
followed by a discussion on recycling in South Africa and the CoJ.  A brief outline of recycling 
methods is given and then recycling behaviour is pursued. 
Existing research on recycling behaviour fall in two categories - socio-demographic behaviour 
of individuals and studies that examine programme interventions and their impact on 
recycling behaviour (Hunter, 2001).  The first type of research concentrates on a psychological 
understanding of recycling behaviour and resulted in recycling behaviour theories.  The three 
main recycling behaviour theories are briefly outlined.  The framework proposed by Barr 
(2002) is used to discuss the influence of environmental values, situational factors and 
psychological factors on waste management behaviour. 
3.1 Recycling 
The waste hierarchy is guiding most of the waste management policies (Wilson et al., 2013; 
Ervasti et al., 2016) and it establishes an order of preference for action.  Recycling is a key 
element of the hierarchy and is regarded as sustainable (McDoughall et al., 2001; Gertsakis & 
Lewis, 2003; Guerro et al., 2013; Marshall & Farahbakhsh, 2013; Zen et al., 2014; Knickmeyer, 
2020).  Similar to the definition of waste (Section 2.1), different definitions are used for the 
same action.  Chalwa & Rajaram (2016) defines recycling as the process of converting used 
products into new products that can be of further use.  A slightly more expanded definition is 
given by Schultz et al. (1995) that states recycling is the process of collection of previously 
used material that are processed, remanufactured and reused.  Zen et al. (2014) states 
recycling is the separation of household waste such as glass, paper, plastic and other materials 
with the aim of returning them to the industry for benefit.  The Waste Act (RSA, 2008) defines 




separation of waste from a waste stream for further use and the processing of that separated 
material as a product or raw material”.   
Other than a sustainable waste management option, the benefits of recycling are well 
recorded and include reducing waste to landfill, conservation of natural resources, reduction 
in demand for virgin materials, less energy consumed during manufacturing, reduction in 
economic and environmental costs, reducing health and environmental risks (Latif et al., 2012; 
Abd’Razack et al., 2017; Pietzsch et al., 2017; Ayodele et al., 2018; Meng et al., 2019; Tiew at 
al., 2019).  Recycling also provides a livelihood for waste pickers (Wilson et al., 2006; 
Singhirunnusorn et al., 2012; Schoeman, 2018).  A successful recycling programme requires 
that the waste composition must be known (Burnley, 2007) and active and sustained 
participation of individuals (Folz & Hazlett, 1991; Ittiravivongs, 2012; Keramitsoglou & 
Tsagarakis, 2013; Bom et al., 2017; Xiao et al., 2017).   
Countries are introducing or have introduced recycling in their waste management strategies 
with various levels of success.  As expected, countries in the developed world are more 
advanced and have greater success in the use of recycling to minimise waste.  Developing 
countries only recently started to introduce recycling into policies and legislation but face 
numerous challenges in waste management (as discussed in Section 2.6.3).   
A major change in worldwide recycling occurred when China banned the import of 24 types 
of waste, including certain types of paper and plastics starting 1 January 2018 (UNEP, 2018b).  
Brooks et al. (2018) calculated that this ban will result in the displacement of 111 million 
tonnes of plastic waste by 2030.  Before the Chinese ban, 95% of plastics collected for 
recycling in the EU and 70% in the US, were sold and shipped to Chinese companies (Katz, 
2019).  All over the world, governments and recycling processors need to find new markets 
for recyclables.  In the US and Canada some local governments, such as Douglas County, 
Oregon (US) and Hancock, Maine, curtailed or halted their recycling programmes (Katz, 2019), 
while the City of St. Albert (Canada) stopped taking five types of packaging (Jarvis & Robinson, 
2019).  Some developed countries are now sending their waste to other Southeast Asian 
countries such as Thailand and Malaysia (UNEP, 2018b).  Soon after the ban some Chinese 
recyclers opened factories in nearby countries to continue accepting and processing 
recyclables (Stanway, 2018).  As this ban is quite recent, it can be expected that more research 




The next sections outline and use selected examples to indicate the state of recycling in 
developed countries, followed by developing countries.  Recycling in South Africa and the CoJ 
is then discussed in more detail. 
3.1.1 Developed world 
According to Minelgaite & Liobikiene (2019) even in the EU waste generation is a critical 
problem and that the level of reducing and reusing behaviour does not have a significant 
impact on waste generation.  As far back as 1975 (under the then European Council), the 
European Council Directive 75/442/EEC urged European Member states to prevent and 
reduce waste generation and to ensure waste is recovered (Gellynck et al., 2011).  EU targets 
on waste prevention are very recent (Pietzch et al., 2017) and the first target of reuse and 
recycling of 50% of household waste by 2020 was made in November 2011 (EU, 2011).  The 
proposed new target to reuse and recycle municipal waste is 70% by 2030 (Malinauskaite et 
al., 2017).  
D’Amato et al. (2016) are of the opinion that EU and national policy efforts have provided 
incentives towards the increase of recycling, but that this has not reduced waste production.  
They give the example of only 11 EU countries reducing their waste generation between 2001 
and 2010, while 21 showed an increase in waste generation.  Thus, although there is success 
in most of the recycling efforts in the EU, still the amount of waste is not reduced.  In Sweden, 
for example, 33% of household waste was recycled in 2013 (Rousta et al., 2015).  Even though 
some of this waste was also recovered in other ways such as incineration with energy 
recovery, the Swedish Environmental Protection Agency proposed new objectives to increase 
the recycling rate of household waste (Rousta et al., 2015).  In the UK only one country met 
the 50% target of recycling household waste in 2017.  Wales had the highest recycling rate at 
57.5%, followed by England with 45.2% and Scotland with 43.5% (BBC, 2019).  Although the 
UK might be on track to meet the EU targets by 2020, only small increases were recorded in 
recycling rates and the possibility exists that recycling targets will not be met. 
Eunomia (an independent consultancy) jointly with the European Environmental Bureau, used 
published recycle data from around the world to calculate which countries lead in recycling 
MSW (Eunomia & European Environmental Bureau, 2017).  As recycling rates are reported 




adjusted for these discrepancies to better reflect the amount of MSW that is actually recycled.  
The Top 10 countries in recycling MSW – both the self-reported rates and the rates after 
adjustments were calculated (Figure 3.1).  The Top 10 are dominated by EU member countries 
and only two Asian countries, South Korea and Singapore, are in the Top 10.  Germany has 
the highest recycling rate with 56.1 % (with a reduction of 10% from the reported MSW), 
followed by Austria (53.8%) and South Korea (53.7%).  The largest adjustment was made for 
Singapore (27%) that brings their recycle rate to 34% and at number 10.   
 
Figure 3.1:  Top 10 countries in recycling MSW – adjusted recycling rate and  
        reduction from reported rate (Adapted from Eunomia & European 
        Environmental Bureau, 2017). 
It is interesting to note that no North American country made it in the Top 10 list of recyclers.  
In the US there is no national law that mandates recycling.  However, numerous local 
governments and municipalities introduced their own recycling requirements and 
programmes (Schultz et al., 1995; Sidique et al., 2010; Markle, 2014; Starr & Nicolson, 2015).  
Starr & Nicolson (2015) states that in the US recycling rates impressively increased 154% 
between 1985 and 1995, but in the next 16 years it only increased by 35%.  The latest figures 
available gives the recycling and composting rates of the US as 35.2% in 2014 (EPA, 2017).  In 
2012, Canada had a recycling rate of 26.8% (Hoornweg & Bhada-Tata, 2012).  Regarding plastic 
recycling, 87% of plastic waste in Canada ends up in landfills or the environment (Environment 




3.1.2 Developing world with focus on Asian nations 
Solid waste management and recycling in developing countries is much more challenging 
compared to developed countries (as discussed in Section 2.6.2).  However, numerous 
developing countries introduced recycling programmes and are making an effort to increase 
recycling participation.  Malaysia has twice launched a national recycling campaign (in 1993 
and 2000) to encourage households to participate in recycling programmes (Zen et al., 2014).  
Tiew et al. (2019) reported that the recycling rate in Malaysia rose from 5% in 1993 to about 
24.6% in 2017.  Malaysia’s first attempt to encourage recycling was through the National 
Recycling Campaign, while the second one involved several stakeholders – including local 
government, private business and educational institutions (Zen et al., 2014).  Legislation has 
been introduced that places emphasis of separation of waste at household level by the 
launching of the Solid Waste Management and Public Cleansing Act 2007 (Act 672) (Zen et al., 
2014).  Tiew et al. (2019) stated that prior to this legislation, information and networks 
between stakeholders have been limited for more than 20 years and held back recycling 
efforts in Malaysia. 
No information could be obtained on recycling rates in China, as no figures have been 
released. However, in 2013, 93.4% of Chinese MSW was either landfilled or incinerated (Xiao 
et al., 2017), demonstrating very low recycling rates.  As early as 2000, China the world’s 
largest developing country, started with pilot programmes for waste separation and recycling 
in eight cities (Meng et al., 2014; Ma et al., 2018).  Tai et al. (2011) reported that the 
assessment of recycling programmes in these cities demonstrated poor performance due to 
the low level of public participation.  Such programmes have been expanded and made 
mandatory for 46 cities in China with the launch of the Implementation Plan on the Household 
Solid Waste Classification System in 2017 (Xiao et al., 2017).  It also requires that the recycling 
rate of household solid waste should exceed 35% by 2020 (Xiao et al., 2017).   
In Hanoi, Vietnam, pilot programmes or waste separation at source have been deployed since 
the early 2000s, but they have not been scaled up with the result that solid waste is not 
segregated at the source (Nguyen et al., 2015).  Thang (2017) states that most Vietnamese 
families segregate recyclables to sell to garbage-collectors and it is estimated that about 8-
12% of MSW have been recycled this way.  To increase recycling participation the National 




issued in 2009 (Nguyen et al., 2015).  The strategy set ambitious targets for recycling rates of 
MSW – 85% for 2020 and 95% for 2025 (Thang, 2017).   
Only 8% of MSW is recycled in Iran and the remaining waste is buried using unhygienic 
methods (Pakpour et al., 2014).  Khayamabshi (2016) gives the recycling rate for rural Iran as 
0% and 20% for urban areas.  Recycling is mandated under the Solid Waste Management Law 
of 2004 that set standards and policies for recycling and reduction of waste (Pakpour et al., 
2014).  Esmaeilizadeh et al. (2020) state that weaknesses in Iran’s MSW management are the 
lack of a systematic programme for MSW reduction, weakness in source separation and low 
processing and recycling.  They report that separation of waste is carried out sparsely in 
different part of Iranian cities and that ineffective training is provided in this regard.  Recycling 
in rural Iran and some cities is mainly done by municipal workers and unofficial groups 
(Khayamabshi, 2016).   
3.1.3 South Africa 
The recycling rate for South Africa is around 10%-10.8% (DEA, 2012b; StatsSA, 2018a).  The 
NWMS (DEA, 2011b) set a target of 25% of recyclables to be diverted from landfill sites by 
2016.  Furthermore, metropolitan municipalities, secondary cities and large towns were 
required to have initiated separation at source programmes by 2016.  South Africa is diverse 
in terms of population, geographical areas, culture and socio-economic variables.  This 
influence participation rates in recycling.   StatsSA (Statistics South Africa) did an in-depth 
analysis of the General Household Surveys between 2002 to 2016 and there are notable 
differences in recycling participation.  Self-reported recycling was higher in urban areas 
(10.8%) compared to recycling in rural areas with 3% (Figure 3.2).  Metropolitan areas 
recorded a higher participation rate (12.9%) than non-metropolitan urban areas (4.9%).  The 
survey classified households into three different categories and there is overlap between the 
different geotypes used.  The first is urban vs rural and the second classification then 
distinguish not only between urban and rural, but further divide rural into farm (that would 
be commercial farming) and traditional farming.  The third classification divides urban areas 





Figure 3.2:  Households that sorted waste for recycling by geotype (2015)  
        (Adapted from StatsSA, 2018a). 
South Africa has nine provinces and again remarkable differences are present in the 
separation of MSW for recycling purposes.  The Western Cape province recorded the highest 
waste separation behaviour (20.3%), followed by Gauteng (12.7%), while Limpopo province 
has the lowest (1.2%) (Figure 3.3).  One explanation of this huge difference in recycling is that 
the Western Cape has a higher urban population than Limpopo.  Limpopo is characterised by 
sparsely populated municipalities with a large proportion of rural population.  As Arndt et al. 
(2018:5) state: “These ‘sparse rural’ areas tend to be the former Apartheid homelands 
governed by traditional or tribal authorities”, which is the case in Limpopo.  As shown in Figure 
3.2, urbanites in South Africa participate more in recycling, while households in traditional 
areas recorded the lowest recycling rate.  Another explanation is that the infrastructure for 
recycling is not available in rural and traditional areas (StatsSA, 2018a).  Thus, the low recycling 









Figure 3.3:  Households that sorted waste for recycling by province (2015)  
        (Adapted from StatsSA, 2018a). 
Another feature of recycling in South Africa is that metropolitan areas recorded higher 
recycling rates than non-metropolitan areas.  In 2015 it was estimated that 12.9% of 
households in metropolitan areas participated in recycling.  This has almost doubled to 24.7% 
in 2018.  Once again huge differences in recycling are observed between metropolitan areas 
(Figure 3.4).  Cape Town is the leader in terms of recycling in both 2015 and 2018 with 
recycling rates of 22.7% and 37.3% respectively.  The bottom slot in both years is occupied by 
Mangaung (Bloemfontein) with 4.2% (2015) and 5.3% (2018).  It is also the metropolitan area 
that recorded the smallest increase in recycling between 2015 and 2018.  There is a difference 
of 32% between Cape Town’s 2018 recycling rate and Mangaung’s 2018 recycling rate that 






Figure 3.4:  Households that sorted waste for recycling by metropolitan area 
          (2015 and 2018) (Adapted from StatsSA, 2018a and StatsSA, 2019e). 
However, the researcher questions some of the figures published for recycling of South 
African metropolitan areas (both datasets were obtained from StatsSA surveys).  According to 
these figures, Buffalo City (East London) and Nelson Mandela Bay (Port Elizabeth) increased 
their recycling rate by 414% and 313% respectively in three years.  It is well documented in 
the media that waste is a problem in Nelson Mandela Bay and East London (which falls under 
the Buffalo City Municipality) – e.g. see www.timeslive.co.za/news/south-africa/2019-11-22-
nelson-mandela-bay-is-drowning-in-rubbish/ and www.dispatchlive.co.za/news/2017-10-15-
turning-trash-into-treasure/).  The only ‘official’ recycling figure the researcher could obtain 
is that 79% of respondents did not recycle Nelson Mandela Bay in 2016 (Nelson Mandela Bay 
Municipality, 2016).  Otherwise stated, only 11% of households recycled in 2016.  
Nevertheless, this more than doubled to 25.6% in 2018.  No recycling information could be 
obtained for Buffalo City Municipality.  Unfortunately, this casts a ‘dark shadow’ on recycling 
figures in South Africa.  As discussed in Section 2.7.1, one of the barriers of waste management 
in South Africa is the lack of waste data.  If recycling figures are not accurately reported, this 
can have serious ramifications in the planning of waste management services and the 
provision of recycling infrastructure. 
A discussion of recycling in South Africa cannot be complete without including the informal 




streets and on the landfills where they collect and sort recyclables.  Unfortunately, very 
limited data are available on their contribution to recycling.  In South Africa, it is estimated 
that informal waste pickers recycle 90% of recyclables from households, saving municipalities 
up to R750 million in landfill space per year2.  This puts South Africa on par with some 
European countries when it comes to the recycling of packaging.  Although the government is 
busy with guidelines on the role of waste pickers in waste management in South Africa, 
currently they, and the contribution they are making, is not recognised.   
3.1.4 City of Johannesburg 
As the CoJ is the focus of this study, recycling is discussed in more detail.  As stated in Chapter 
1, the CoJ experiences the same challenges as other cities in developing countries (Imam et 
al., 2008; Ali et al., 2014; Dos Muchangos et al., 2017).  Finding suitable land for new landfill 
sites is increasingly difficult as competition for land is high in Gauteng, where the CoJ is 
located. It is therefore important to find ways of extending the life spans of existing landfill 
sites (GDARD, 2011). Any deviation of waste away from landfills will extend the life span of 
these sites from reaching full capacity. The simplest way of extending the lifespan of landfill 
sites is to divert waste away from the landfill, and for Gauteng and the CoJ, particularly to 
increase the amount of waste that is recycled and reused (GDARD, 2011).   
Waste management and recycling 
A number of policies, strategies, regulations and guidelines contributed to establishing 
recycling and waste minimisation in the CoJ and the most important are briefly outlined.  The 
first is the Polokwane Declaration – made after the first National Waste Summit that was held 
at Polokwane in the Limpopo province in 2001.  The Polokwane Declaration set targets of zero 
waste to landfills by 2022 and a reduction of waste to landfill of 50% by 2012 (DEA, 2005; 
Taiwo et al. 2008).  The target of zero waste to landfill subsequently was revised to 70% waste 
to landfills by 2022 (Taiwo et al., 2008).  Secondly, the Growth and Development Strategy 
2040 of Johannesburg (CoJ, 2011b), which is a paradigm in response to various environmental, 
societal, governance and compliance challenges.  This strategy emphasised waste 
minimisation and recycling through IWM.  Thirdly, the CoJ developed an Integrated Waste 
 





Management Plan.  Johannesburg’s IWMP was developed in response to the 1999 NWMS 
(CoJ, 2011c).  The primary objective of the IWMP is to integrate and optimise waste 
management services but at the same time improve the quality of life of all residents of the 
CoJ, while environmental impacts and costs are minimised.  Lastly, Pikitup developed a 
Separation at Source Strategic Plan3. In this strategic plan emphasis was placed on the 
separation at source projects across Johannesburg.  This includes education and awareness 
campaigns, the distribution of hessian bags for paper recycling and plastics bags for other 
recyclables.   
However, recycling rates are very low in the CoJ (as discussed in the next sub-section).  In 
response to this, the CoJ made separation of waste at household level mandatory from 1 July 
2018 by implementation of Section 22 (Obligation to separate waste into recyclables and non-
recyclables) of the City of Johannesburg Waste Management By-laws (2013) (CoJ, 2013).  
Therefore, it is a requirement of households to separate both dry recyclables and garden 
waste.  For garden waste, it is the duty of households to separate, store and transport it to 
the nearest garden waste drop-off facility.  It is important to note that the S@S programme is 
not available in all areas in Johannesburg.  Hence, not all areas are required to mandatory 
separate their dry recyclables and garden waste.  Unfortunately, residents of Johannesburg 
are not aware of the implementation of the by-law, and neither are they aware that 
mandatory recycling is only a requirement in certain areas (Schoeman, 2019).  The mandatory 
recycling requirement was published in the media, but no details were provided.   
Recycling programme and situation 
Pikitup was established in 2000 as an independent municipal entity and is wholly owned by 
the CoJ.  Pikitup is mandated to provide ISWM services to residents and businesses in the CoJ 
(Pikitup, 2019).  The CoJ proposed a number of waste minimisation initiatives that aim to 
develop waste management infrastructure supportive of waste minimisation and recycling 
(CoJ, 2019).  Currently the CoJ has two programmes available to residents for separation of 
dry recyclables.  The first is the kerbside S@S programme and the second is drop-off facilities 
across the city.  Pikitup implemented a pilot S@S project in October 2009 at the Waterval 
Depot.  This involved the distributing of hessian bags for paper and cardboard and clear refuse 
 




bags for other recyclables to add to the existing black wheelie bins that are used for non-
recyclables.  
After being operational for seven years in the Waterval Depot area, the latest participation 
rates in the S@S programme stands at 34.8% (Pikitup, 2016).  The S@S programme was 
extended and now covers 570 312 households and nine of the depots in CoJ (Pikitup, 2016).  
The lowest participation rates are recorded in the Randburg Depot area (2.5%) and the 
Roodepoort Depot area (7.4%) (Pikitup, 2016). A gradual increase in participation rate was 
recorded, but it is still very low at an average of 19.9% (Pikitup, 2016).  From these figures, it 
is clear that very little recycling is taking place. Pikitup states in their Midyear Performance 
Report regarding the S@S programme: “poor results are experienced with the current 
traditional model” (Pikitup, 2016:17).  Figure 3.5 shows the tonnages of dry waste diverted 
from landfill for the period July 2018 to June 2019 that represents the period since recycling 
became mandatory in certain areas.  The tonnages extracted from areas where the S@S are 
not consistent (represented by the black line) and is an indication that residents are not 
committed to recycling. 
 
Figure 3.5:  Tonnage of dry waste diverted (July 2018 – June 2019) (Pikitup, 2020). 
The S@S programme targets dry waste to be diverted from landfill and year-on-year the 
targets set out are not achieved.  In fact, there has been a reduction in the targets for the 
diversion of dry waste.  The 2016/17 target was 80 000 tonnes, the 2017/18 target was 60 




The CoJ reports that the dry waste recycling targets have not been achieved due to the lack 
of resources and delays encountered in establishing partnerships with the private sector 
(Pikitup, 2019; CoJ, 2019).    Pikitup acknowledges that challenges are experienced with waste 
diversion and reported a decrease of 23.6% of dry waste diversion in 2017/18 compared to 
the previous year (Pikitup, 2019).  There is a landfill crisis in the CoJ as the remaining lifespan 
of landfills in Johannesburg is 4.54 years (Pikitup, 2020).   
The increase in participation in recycling programmes by residents of the CoJ is therefore 
becoming a crucial issue and more must be done to ensure participation of residents. As 
stated, there are two recycling programmes operated by Pikitup in the CoJ – a kerbside 
programme and drop-off facilities.  Another option for recycling available to residents in 
Johannesburg is buy-back centres.  These recycling options are outlined in the next section. 
3.2 Recycling options 
Rousta & Bolton (2019) are of the opinion that no single recycling option is best for all 
households.  Filho et al. (2016) share this opinion by emphasising that waste management 
solutions in one area might not be appropriate elsewhere.  They state: “The key point is that 
different options need to be combined in an optimum way” (Filho et al., 2016:4379).  Options 
for dry waste recycling include kerbside programmes, drop-off centres and buy-back centres.   
3.2.1 Kerbside programmes 
Kerbside (curbside) collection of recyclables started in the 1970s.  In the US kerbside collection 
before 1970 was limited to newspaper collection (EPA, 1973), but took off after the first Earth 
Day in 1970.  Today, numerous cities and towns all over the world use kerbside collection of 
recyclables as a waste management option (Tucker et al., 2000; Ewing, 2001; De Feo & 
Malvano, 2012; Zen & Siwar, 2015; Edwards et al., 2016).  Mwanza et al. (2018) describes a 
kerbside collection system as one that involves the allocation of suitable containers (bags or 
bins) to individual households as receptacles for recyclables that is put at the kerb on 
collection days.   
The kerbside collection of recyclables is the most convenient recycling option for residents 
and can result in higher participation rates.  Results from previous studies show that access 




Halvorsen, 2012; Struk, 2017; Rousta & Bolton, 2019) and provides the best quality of 
recyclables (Owusu et al., 2015; BiPRO & CRI, 2015).  Figure 3.6 shows the bins used for 
kerbside collection in Toronto, Canada.  The green bin is for organic waste that is collected 
weekly, the grey bin is for unrecyclable waste and the blue bin is for dry recyclables – both 
collected bi-weekly.  Kerbside collection generally requires of households only to separate 
their dry and wet recyclables.   
 
Figure 3.6:  Kerbside collection in Toronto, Canada. 
(Photo credit: © Michalis Famelis, https://commons.wikimedia.org/wiki/File:Toronto_waste_2010.jpg) 
3.2.2 Drop-off points 
In a drop-off collection system, residents are required to drop off their recyclables at 
designated points.  There are two types of drop-off points – recycling centres and recycling 
stations (Mwanza et al., 2018; Rousta & Bolton, 2019).  Recycling centres are usually bigger 
and also accept fractions of waste that is not accepted at recycling stations.  Such waste 
fractions include waste furniture, electronic waste, large packaging waste, etc.  A recycling 
centre usually consists of a fenced area with multiple big containers for the various types of 
recyclables.  For example, the Selby Recycling Centre in North Yorkshire, England, (Figure 3.7) 
accepts materials ranging from paper and glass to carpets, dishwashers, green waste, wood 
and tyres.  According to Struk (2017), recycling centres is the least convenient collection 
system and it has relatively high investment costs and spatial demand.  Using drop-off points 






Figure 3.7:  The Selby Recycling Centre in North Yorkshire, England. 
(Photo credit: © North Yorkshire Council, http://www.recycleaid 
.co.uk/site/selby-household-waste-recycling-centre/) 
Recycling stations are smaller in land area and are usually closer to households.  Often 
recycling stations only accept certain types of recyclables and only dry waste.  Figure 3.8 
shows a recycling station in uMhlanga Rocks, KwaZulu-Natal, South Africa.  This recycling 
station only accepts cans, plastic and paper. 
 
Figure 3.8:  A recycling station in uMhlanga Rocks, KwaZulu-Natal, South Africa. 
(Photo credit: © uMhlanga Rocks UIP, https://umhlangauip.co.za/site 
/new-recycling-stations-for-umhlanga-rocks/) 
Recycling stations consist of a set of large bins for the collection of recyclables.  These are 
usually in public places that are easily accessible for both residents and trucks used in the 




collected on a regular basis, the bins start overflowing or residents drop off their recyclables 
next to the station.   
3.2.3 Buy-back centres 
A buy-back centre is a depot where individuals can sell recyclables (Figure 3.9).  Sasikumar & 
Krishna (2009) describe buy-back centres as a depot that buy and pay residents or businesses 
to deliver recyclable materials.  Buy-back centres in turn sell waste products to recycling 
companies and may or may not process the recyclables (Mwanza et al., 2018).  Viljoen et al. 
(2012) and Mwanza et al. (2018) share the opinion that buy-back centres play an important 
role in recycling as they are the linkage between waste generators and waste recoveries.  In 
South Africa, buy-back centres play a crucial role in the informal waste sector as this is often 
the collection point where waste pickers sell the recyclables they collected (Viljoen et al., 
2012; Schoeman, 2018).     
 
Figure 3.9:  A buy-back centre located in Benoni, South Africa. 
(Photo credit: © FMSA Waste Management & Recycling, http://www.fmsa.co.za/recycling -buy-back-centres/) 
 
A number of factors play a role in the establishment of a buy-back centre.  The first is location 
– centres should be close to industries and commercial areas where sufficient quantities of 
recyclables can be obtained, but far enough so that residents or businesses are not 
inconvenienced by the centre. Viljoen et al. (2012) also stress the importance of location and 
emphasise that it should be accessible to the informal waste pickers.  The second is to ensure 
that there is enough supply of recyclables.   Buy-back centres are reliant on market conditions 
for the re-sale of recyclables and price fluctuations can endanger the sustainability of a buy-




There are four options (as discussed in this section) that can be used to make recycling 
convenient and where recyclables can be collected.  As stated before, recycling is a key 
element in ISWM and numerous local municipalities instituted one or more of the recycling 
options discussed.  Yet, often recycling programmes report low or insufficient participation by 
residents.  The next section outlines some behavioural theories that try and explain 
individuals’ behaviour towards recycling. 
3.3 Recycling behaviour theories 
One of the most effective ways to reduce waste is to deal with it at source (Tonglet et al., 
2004) and this is what the CoJ is trying to achieve with its S@S programme.  Looking at the 
participation rates of residents (19.9%, Pikitup, 2016) there is a great need to increase the 
number of recycling residents.  There is a gap between people’s participation in the 
programme and the desired outcome and targets of the S@S programme. Kollmuss & 
Agyeman (2002) argue that the answer to what are the barriers to pro-environmental 
behaviour is extremely complex.  They further state that there is gap between having 
environmental knowledge and environmental awareness and the realisation of this in pro-
environmental behaviour.  Understanding recycling behaviour and knowing which personal 
and household attributes are associated with positive recycling behaviour can assist in the 
designing of recycling programmes (Anderson et al., 2013).  Martin et al. (2006) state that 
local authorities must develop appropriate recycling programmes if they are to reach targets 
in waste minimisation.  An appropriate programme should result in the willingness of 
households to recycle and decrease the amount of waste that ends up in landfill sites.   
Amini et al. (2014) identified four aspects of understanding recycling, namely socio-
psychological, technological, policy and legislation and economic.  They are of the opinion that 
separation at source is more dependent on households than government.  Thus, the success 
of a recycling programme depends on the participation of society and it is crucial to determine 
what attributes influence recycling behaviour.  Tucker (2003) states that recycling behaviour 
depends on three main factors – programme design, past history and the people.  Regarding 
people he states that for a resident to participate in recycling, the programme must be first 
judged as suitable, and then be motivated to use it.  Personal attitudes and values play a large 




understanding recycling behaviour is key to sustainable waste management and that 
psychological modelling can identify the driving forces behind recycling behaviour.  A common 
theme in these studies is that it is important to understand the factors that affect households 
recycling behaviour. 
One category of research often took place in social research field and investigated socio-
demographic and psychological aspects of recycling behaviour.  To name a few studies that 
investigated these aspects of behaviour:  Viscusi et al. (2014) investigated personal and social 
norms with respect to recycling behaviour; Jekria & Daud (2016) showed that environmental 
concern is an important attitude that improves recycling behaviour; Martin et al. (2006) 
investigated social, cultural and structural influences on household waste recycling; Miliuite-
Plepiene et al. (2016) analysed the determinants of household recycling behaviour, and as far 
back as De Young (1986) that identified some psychological aspects of recycling. 
Psychological theories significantly contributed to the investigation and understanding of 
recycling behaviour.  Three of the most prominent theories used in recycling behaviour are: 
Theory of Reasoned Action, Theory of Planned Behaviour and the Schwartz Altruism Model. 
To understand why people engage in pro-environmental behaviour such as recycling, is 
complex and cannot be explained by a single framework, model or diagram.  These theories 
are discussed in more detail in the next sections.   
3.3.1 Theory of Reasoned Action (TRA) 
Fishbein and Ajzen developed the TRA to explain and understand the relationship between 
attitudes, intentions and behaviour (Fishbein & Ajzen, 1975).  The TRA is a behavioural model 
that tries to predict the likelihood that an individual’s behaviour will lead to a specific outcome 
(Figure 3.10).  A central factor in the TRA is a person’s intention to perform a given behaviour.  
Azjen (1991) explains that in the TRA intentions are assumed to capture factors that would 
motivate and influence behaviour, and that intentions are indicative of the effort a person will 
exert or plan to perform a behaviour.  Two independent determinants of intention are used 
in the TRA to predict behaviour.  The first is attitude that is a personal factor that refers to 
whether or not a person evaluates a behaviour as positive.  The second one is social norm 




behaviour (Davies et al., 2002).  The TRA is widely used in social studies and environmental 











Figure 3.10:  Theory of Reasoned Action (Adapted from Kollmuss & Agyeman, 2002). 
According to Kollmuss & Agyeman (2002:242) “attitudes do not determine behaviour directly, 
rather they influence behavioural intentions which in turn shape our actions”.  Miafodzyeva 
(2012) and Kollmuss & Agyeman (2002) agrees that in the TRA intentions are influenced by 
attitude and subjective norms. To put this in context regarding recycling – a person’s 
behaviour is determined by his/her intention to recycle or not.  The intention to recycle is 
influenced by two factors, namely attitude and subjective norm. Attitude can be considered 
how a person feels about recycling, while social norm is the person’s reaction to social 
pressure to participate in recycling.  Amini et al. (2014) explains this as a person evaluating a 
certain behaviour as positive (attitude), and if he/she believes that it is important for people 
they care about to carry out the behaviour (subjective norm), the person will be motivated to 
perform the behaviour (intention).  According to the TRA a person’s recycling behaviour is 
determined largely by their intention to recycle. 
In recycling research, a number of studies used the TRA to measure recycling intention.  
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useful in explaining recycling behaviour self-reported by students.  Park et al. (1998) tested 
the TRA using regression analysis and their results were consistent with the TRA model.  On 
the other hand, a study conducted by Schwab et al. (2014) posted that attitudes, but not 
subjective norms, predicted recycling behaviour.  Both Bagozzi & Dabholkar (1994) and Aoki 
(2005) found that past behaviour is more effective than attitude in predicting recycling 
behaviour.   
The TRA proved to be a popular model in recycling research as Fishbein and Ajzen developed 
a mathematical equation and researchers used it to conduct empirical studies.  However, 
predicting human behaviour, such as recycling, is complex.  One of the biggest limitations of 
the TRA is the underlying assumption that people act rationally (Sheppard et al.1988; Kollmuss 
& Agyeman, 2002).  A second limitation is that the TRA assumes that recycling behaviour is 
under volitional control (Miafodzyeva, 2012) and it only predicts voluntary behaviour.  A 
person’s recycling behaviour can be determined by factors beyond his/her control.  For 
example, a person has the intention to recycle, but the necessary infrastructure to recycling 
is not available.  Recycling also requires knowledge on what can be recycled and Schoeman & 
Schmidt (2016) found that 63% of respondents in their study are not always sure if an item 
can be recycled.  Thus, even if the intention is to recycle, a person’s lack of knowledge will 
result in their non-participation in recycling.  Davies et al. (2002) argue that the TRA does not 
take into consideration non-attitudinal factors such as personal norm, self-identity and past 
behaviour that enhance prediction of behaviour.  The TRA postulates that behaviour is 
determined by behavioural intentions and does not measure actual behaviour.  Fishbein and 
Ajzen acknowledged that their model does not measure the outcomes of behaviour (Azjen, 
1991).  To address some limitations of the TRA, Azjen developed an extended model of the 
TRA that is known as the Theory of Planned Behaviour and is discussed in the next section. 
3.3.2 Theory of Planned Behaviour (TPB) 
To improve the predictive power of the TRA, Azjen introduced perceived behavioural control 
as a moderator of behavioural intentions (Azjen, 1985; Azjen, 1991).  Thus, instead of just two 
factors that influence intentions, the TPB uses three, namely, attitude, subjective norm and 
perceived behavioural control (Figure 3.11).  Perceived behavioural control is described by 




of interest”.  Tucker (2003) describes perceived behavioural control as a person’s belief that 
he/she has full control over his/her actions.  Another way to see perceived behaviour control 
is posted by De Groot & Steg (2007) as a person’s belief as to how easy or difficult it would be 
to perform a behaviour. This third variable was introduced to deal with behaviour over which 
a person does not have volitional control.  According to the TPB, perceived behavioural control 










Figure 3.11: Theory of Planned Behaviour (Adapted from Azjen, 1991). 
To accurately predict behaviour using the TPB, several conditions must be met.  The first is 
that the measures of intention and the perceived behavioural control must be compatible 
with the behaviour that the model is predicting.  In a recycling context, if the TPB is to predict 
participation in recycling, it must assess ‘to participate in recycling’ and not a general intention 
such as ‘to engage in pro-environmental behaviour’.  Azjen (1991) states that the second 
condition for accurate behavioural prediction is that the perceived behaviour control must 
not change between the assessment and the observation of the behaviour.  For example, 
intentions to recycle is tested, but in the intervening period before observation of behaviour 
a recycling programme is introduced in an area.  The original measure of the intention to 
recycle will no longer be an accurate prediction of recycling behaviour.  The third requirement 
as identified by Azjen (1991) is the accuracy of perceived behavioural control. 
Critique of the TPB is that it assumes contiguity between intention and behaviour just as its 
















al. (1995) are of the opinion that the TPB measures perceived behavioural controls directly as 
opposed to recording control beliefs.  The third problem identified in literature is that the TPB 
only introduces one additional variable, while there is evidence that other factors add 
predictive power.  In reply, Azjen and Fishbein (2004) clarified that the TPB does not specify 
what particular perceived behaviour controls are associated with a particular behaviour and 
that it is open to the inclusion of additional variables. 
Since the TPB became one of the most used models in recycling behaviour, many studies 
attempted to build on the TPB.  The studies all had a common goal – to improve prediction of 
recycling behaviour.  Ewing (2001) measured the additional attitudinal variable of perceptions 
of costs, Carrus et al. (2008) anticipated guilt, personal norms by Valle et al. (2005) and De 
Groot & Steg (2007), and in a study of recycling in townhouses in Pretoria Du Toit et al. (2017) 
used knowledge of recycling, space and access to collection points.  Several research studies 
used the TPB in recycling, but another school of thought considers recycling as an altruistic 
behaviour (Tucker, 2003).  The Schwartz Altruism Model is often used in recycling behaviour 
research and is discussed in the next section. 
3.3.3 Schwartz Altruism Model 
Schwartz (1977) argued that social norms (subjective norms) do not add enough to the 
explanation of individual differences in positive behaviour provided by internalised, personal 
norms.  He developed a social-psychological model of altruistic behaviour and is shown in 
Figure 3.12.  This model is a description of the process through which personal and social 
concerns combine to influence the altruistic behaviour of a person (Davies et al., 2002).  
Schwartz (1977:222) defines altruistic motivation as “intentions or purposes to benefit 
another as an expression of internal values, without regard for the network of social and 
material reinforcements”.  A moral decision is thus one where a person is aware that the well-
being of others depend on their decision and they feel responsible for their behaviour.  
Thøgersen (1996) explains the Schwartz Altruism Model as one where the internalisation of 
norms involves the integration of these norms into a person’s value set and learning for which 
situations they are relevant when a person has to make a decision.  For example, if a recycling 
programme is introduced a person may first use social norms to decide to participate.  These 




activities to decide what would be the proper behaviour.  If a person then continues to recycle, 
the norm may be internalised and become a personal norm.  The development of personal 
norms depends on the social norms and the frequency of the behaviours (Thøgersen, 1996).  
Thus, in recycling a person may initially participate based on social norms, but over time this 





Figure 3.12: Schwartz Altruism Model (Adapted from Davies et al., 2002). 
The next important step in this model is between personal norms and behaviour.  A person 
may internalise norms, but he/she does not necessarily act based on these norms (Hage et 
al., 2009).  Only when a person defines these norms as relevant and applicable to a situation, 
these norms will play a role (Davies et al., 2002). Based on this Schwartz identifies two 
variables that influence a person’s progress from personal norms into behaviour.  These 
variables are awareness of consequences and the ascription of responsibility of these 
consequences.  Schwartz defined the awareness of consequences as the trend to become 
aware of the consequences of one’s behaviour for others.  Ascription of responsibility is 
defined as a person’s attribution of responsibility to the self in the decision-making process 
that will influence the person’s actions (Schwartz, 1977). 
Central to the Schwartz Altruism Model is to understand the process a person undergoes from 
altruistic social norms and translating it into individual behaviour.  Just like the TRA and TPB, 
this model has been extensively applied in pro-environmental behaviour and recycling.  Vining 
& Ebreo (1992) showed that using Schwartz’s constructs to assess attitudes toward recycling 
is more effective as predictors of recycling behaviour than measures of concern for the 
environment.   Disparate results were also found using the altruism model.  Guagnano et al. 
(1995) reported that the relationship between self-reported recycling and the Schwartz 
construct of ascription of responsibility depended on external conditions for recycling.  The 
relationship was found to only be significant if people had to use drop-off centres to recycle 
but not if there was curbside recycling.  On the other hand, Derksen & Gartrell (1993) found 
the environmental concern influences recycling only under curbside pick-up conditions.  

















the degree of responsibility significantly influenced household recycling intention.  Hage et al. 
(2009) found that moral norms explain the variation of recycling participation but diminishes 
if improved infrastructure makes it easier of household to recycle.  Chaisamrej & 
Zimmerman’s (2014) study on paper recycling found that personal norms alone significantly 
predicted recycling behaviour in the altruism model. 
Thøgersen (1996) are of the opinion that in affluent industrial societies, the altruism model 
can predict recycling behaviour better than the TRA or TPB.  The reason he gives is that people 
in these societies classify pro-environmental behaviour within the domain of morality.  Tucker 
& Douglas (2006) state that although the principles of the model are fairly well accepted, 
empirical studies using this model produced disparate results.  Another problem identified in 
the literature of the altruism model is that the lack of precision in defining altruism can results 
in inconclusive studies and can be misinterpreted.  Despite this Feigin et al. (2004) note that 
altruistic models provide new interpretations in the study of behaviour. 
Numerous studies were conducted on recycling behaviour using a wide variety of factors that 
might influence recycling and applying different behaviour models.  Limitations of most of 
these studies are that not all influencing factors are taken into consideration and that it is 
specific to a community.  Nevertheless, factors that can influence recycling were identified 
and are generally classified into three categories as discussed in the next section. 
3.4. Factors influencing recycling behaviour 
Rousta & Bolton (2019) state that recycling programmes often focus only on the technical 
aspects and argues that the needs of households should play a key role in designing such 
programmes.  They state that technical systems may not be relevant for different cultures and 
contexts.   As stated in Chapter 1, household involvement in recycling is necessary for the 
success of any recycling programme and is it important to know which personal or household 
attributes are associated with high or low recycling behaviour (Anderson et al., 2013).  This 
can assist in designing programmes that encourage higher participation rates in recycling. 
Research on recycling behaviour traditionally focused on personal variables as discussed 
above in recycling behaviour models.  However, there are numerous other variables that 
influence recycling that can be used in predicting recycling behaviour – a major criticism of 




namely environmental values, situational variables and psychological variables of 
conceptualising and examining environmental behaviour (Figure 3.13).   
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Figure 3.13: A conceptual framework of recycling behaviour (Adapted from Barr, 2007). 
As can be seen from Figure 3.13 the centre of this recycling behavioural framework is the 
intention-behaviour relationship, while it also recognises a range of other factors that 
influence both the intention to recycle and the action of recycling.  Barr (2007) places 
environmental values before intention as it is likely that general environmental values of a 
person will play a role in shaping his/her attitude toward action.  Situational variables, such 
as personal circumstance and demographics, and psychological variables are included to 
incorporate a wide number of significant variables that can influence recycling.  These factors 
are discussed in more detail below. 
3.4.1 Environmental values  
Environmental values are explained by Rokeach (1968:160) as “enduring beliefs that a specific 
mode of conduct is personally or socially preferable to an opposite or converse mode of 
conduct or end-state of existence”.  Barr et al. (2003:409) state environmental values 
“comprise an individual’s underlying orientation towards the environmental and represent a 
Environmental  
values 






general worldview on the natural world”.  The term environmental value has been used 
interchangeably with concepts such as environmental concern, ecological worldview, 
environmental orientation, and environmental attitudes (Dunlap et al., 2000; Barr, 2007).         
Dietz et al. (2005) did an extensive review of literature regarding environmental values and 
identified four value clusters:  self-interest, altruism, traditionalism, and openness to change.  
They conclude that values are a reasonable way on how individuals make decisions about the 
environment and that research shows there is a moderately strong relationship between 
environmental values and actual or intended pro-environmentally behaviour.  Tadaki et al. 
(2017) identified four concepts of environmental values, namely value as a magnitude of 
preference, value as contribution to a goal, values as individual priorities, and values as 
relations.  They conclude that these different concepts of environmental values result in 
different ways of decision-making of individuals regarding the environment.   
One of the most widely known and tested measurement scales for environmental values and 
attitudes is the ‘New Environmental Paradigm’ (NEP) as developed by Dunlap & Kent (1978).  
Dunlap & Kent argued that the NEP represented in shift in values away from over-
consumption and materialism to one of ‘limits to growth’ and the ‘spaceship earth’ concepts 
(Barr, 2002).  A twelve-point scale was designed to measure the NEP and it was tested on 
residents of Washington State, United States.  A higher than expected agreement with the 
NEP were found.  However, although agreement between scales was reached on items that 
showed acceptance of more stringent environmental policy, actual engagement in pro-
environmental behaviour was not high (Dunlap & Kent, 1978).  Dunlap et al. (2000) developed 
a revised NEP scale to address the directionality imbalance of the original NEP that taps a 
wider range of items (15 items) of an ecological worldview.  They conclude that the ‘New 
Ecological Paradigm Scale’ is an improved measuring instrument that provides more 
comprehensive coverage of key facets of an ecological worldview.   
Numerous studies were conducted using different environmental values scales.  For example, 
Aoyagi-Usui et al. (2003) found that the structure of environmental values in Western 
countries differs from those in Asian countries.  Their results indicate that environmental 
values are linked with altruistic values in the Netherlands and the United states and are 
perceived as being contrary to traditional values.  On the other hand, in Japan, Bangkok and 




involving Germany, Israel, India and South Korea, Katz-Gerro et al. (2017) found that 
biospheric value is the most important value type for explaining environmental behaviour.  In 
their Lithuanian study Liobikiené & Juknys (2016) found that people with a stronger self-
transcendence value orientation are more inclined to engage in pro-environmentally 
behaviour.   
Barr et al. (2005) in their study in Devon, UK, showed that ‘committed environmentalists’ were 
keen recyclers with 80% always participating in recycling and demonstrated that recycling is 
normative behaviour in Devon.  Berndt & Petzer (2011) investigated the awareness and 
actions towards environmental issues of 139 respondents in South Africa.  They found high 
levels of concern regarding environmental issues – with high scores on awareness and 
attitudes. However, action scores are considerably lower meaning that positive attitude does 
not necessarily result in positive behaviour. 
3.4.2 Situational variables 
Situational factors are variables that represent a person’s situation and it give shape to their 
environmental action.  These includes a variety of variables such as access to recycling 
programmes and facilities (contextual factors), or socio-demographic factors such as age, 
gender, income, etc.  In addition, a person’s knowledge of the environment in general, his/her 
behaviour, and experience in undertaking environmental actions also play a significant role 
(Barr et al., 2003).  Some studies are in agreement that socio-demographic factors play a major 
role in recycling behaviour, but there is uncertainty on how socio-demographic variables 
influence recycling (Miafodzyeva 2012; Starr & Nicolson, 2015; Rousta & Bolton, 2019).  
However, socio-demographic factors are important in determining the recycling behaviour of 
households.  The results of Latif et al. (2013) and Ma et al. (2018) show that situational factors 
is a significant predictor of recycling behaviour and thus are in agreement with the results of 
Schultz et al. (1995) that reviewed personal and situational variables in recycling.  Various 
socio-demographic factors that influence recycling behaviour have been identified and these 





Often in the literature the consensus is that older people recycle more than younger people.  
For example, in their study in Brixworth, UK, Tonglet et al. (2004) found that the 65 years and 
older age group are the most likely to recycle.  At the same time, their study showed that the 
25-39 years age group are the least likely to recycle.   A similar result was obtained by Fiorillo 
(2013) in Italy that found that for the age class 51-60 years, the recycling probability increases 
by 8.5%.  Other studies that confirmed that age is a significant predictor of increase in 
recycling are Singhirunnusorn et al. (2012) in their study in the Mahasarakham Municipality, 
Thailand, Sidique et al. (2010) in Minnesota counties, Starr & Nicolson (2015) in 
Massachusetts, Pakpour et al. (2014) in Qazvin, Iran, Tabernero et al. (2015) in Spain, and 
Martin et al. (2006) that found in Burnley, UK, full recyclers come from retired households.   
The explanation given for older people participating more in recycling is the availability of 
time.  Older people generally are retired or do not have young children in their household.  
This affords them more time to participate in recycling.  However, other studies did not find 
a significant relationship between age and recycling or found that older people do not recycle 
more than younger people.  Wang et al. (2018) in their study of Chinese households, found 
that age has no significant impact in recycling behaviour.  The same result came out of a study 
in Kaduna, Nigeria (Abd’Razack et al., 2017).  Afroz et al. (2010) studying recycling behaviour 
in Dhaka, Bangladesh found that the 25-35 years age group are significantly more likely to 
recycle than those in the oldest age group.  Czajkowski et al. (2014) in their study in Warsaw, 
Poland, found that older people were less likely to recycle.  A similar result was obtained by 
Schoeman & Schmidt (2016) in their study of selected suburbs in Johannesburg.  Their results 
showed that 77.8% of the age group older than 60 years do not recycle.   
Gender 
Research suggests that generally women are more concerned about the environment and 
often participate more in pro-environmental behaviour, but specific findings show mixed 
results.  In their study of recycling behaviour in British Columbia, Canada, Tonglet et al. (2004) 
found very little differences between the recycling behaviour of men and women.  Their 
results show that 98.5% of women recycle at home vs 95.5% of men, while men (76.6%) 




demonstrated a greater degree of environmental concern, women do not necessarily engage 
in environmentally friendly behaviour.  The same result was obtained by Oztekin et al. (2017) 
that assessed the role of socio-psychological determinants in recycling behaviour of a Turkish 
university community. Their outcomes showed that females’ attitude and intention towards 
recycling were stronger compared to males. However, their results showed that females’ 
intention to recycle did not translate into participation in recycling. 
In a survey on household waste recycling in Italy, Fiorillo (2013) found that being female 
increases the likelihood to recycle and that gender is one of the key significant and important 
coefficients.  In a cross-national examination across 22 nations of gender variations in 
environmental behaviour, the results suggest that women undertake substantially more pro-
environmental behaviour in their private sphere such as recycling (Hunter et al., 2004).  Tindall 
et al. (2003) found that women engage in significantly higher rates in environmentally friendly 
behaviour and Meneses & Palacio (2005) determined that women are more likely to 
participate in household recycling than males. The same result was obtained in Abadan, Iran, 
where women’s participation in recycling programmes has been found to be reasonably 
effective (Babaei et al., 2015).  The results obtained by Owusu et al. (2013) in Ghana and Banga 
(2011) in Kampala, Uganda, support the general perception that in Africa females are more 
involved in household waste management and recycling than males.   
Contrary to this Gillham (2008), Singhirunnusorn et al. (2012), Miafodzyeva et al. (2013), 
Schoeman & Schmidt (2016), Abd’Razack et al. (2017) and Wang et al. (2018) found that 
gender does not play a role in the participation in recycling. In fact, in Qazvin, Iran, Pakpour 
et al. (2014) found that men performed more household waste management and recycling 
than women.    
Education level 
The level of education was found by Sidique et al. (2010), Latif et al. (2013) and Czajkowski et 
al. (2014) to have a significant positive influence on recycling participation.  Jenkins et al. 
(2003) and Owusu et al. (2013) results showed education level has a significant but small 
effect on the intensity of recycling effort.  Similar results were obtained by Pakpour et al. 
(2014) and Fiorillo (2013) – recycling behaviour increased with education.  Consistent with 




the socio-demographic variable that had the largest positive influence in source separation 
and willingness to recycle. 
On the other hand, Gillham (2008) found that members of a household with a higher 
education level does not bear a greater burden of the recycling role – thus, the level of 
education has almost no influence on recycling participation. Similar results were obtained by 
Singhirunnusorn et al. (2012), Tabernero et al. (2015), Miliute-Plepiene et al. (2016), 
Schoeman & Schmidt (2016), Xu et al. (2017a) and Wang et al. (2018) that found education 
was not an important determinant for participation in recycling. 
Not all studies showed a positive correlation between education level and recycling or that it 
does not influence recycling participation.  Ma et al. (2018) conducted a study in China and 
education level had significantly negative correlations with the intention to recycle.  Their 
findings showed that respondents with less education showed a stronger intention to 
participate in source separation.  Banga (2011) found that people with the lowest education 
level were more likely to recycle than those that completed tertiary education. 
Income 
Inconsistent results were obtained where income as a demographic factor in recycling was 
investigated.  Schultz et al. (1995) found that higher income levels are a good predictor of 
participation in recycling.  A similar result was obtained by Martin et al. (2006) in Burnley, UK, 
where full recyclers came from higher Council tax bands.  Sidique et al. (2010) found that an 
increase in household income also increased the number of visits to recycling facilities.  Afroz 
et al. (2010), Fiorillo (2013) and Starr & Nicolson (2015) showed that income has a significant 
positive effect on recycling behaviour.  The Halvorsen (2008) study in Norway and Halvorsen 
(2012) study across 10 OECD countries also found that household gross income has a 
significant positive effect on recycling.   
Czajkowski et al. (2014) and Knickmeyer (2020) identified that poorer or lower socio-economic 
groups tend to spend less effort on recycling activities.  In contrast, Banga (2011), Schoeman 
& Schmidt (2016) and Abd’Razack et al. (2017) found that higher income earners participated 
less in recycling. The latter three studies were conducted in African countries and disagree 




tend to spend less effort on recycling.  With informal waste collection a huge feature in African 
countries, poorer people might recycle more to earn an income by selling recyclables.   
 Employment status 
As discussed in the sub-section on age, retirees often participate in recycling as they have 
more time to do so.  This is confirmed by Tonglet et al. (2004) and Mavropoulus (2009) that 
state recyclers are more likely to come from retired households.  The Sidique at al. (2010) 
study found that full-time employed people are likely to spend less time on recycling activities 
when compared to part-time or unemployed people.  On the other hand, Starr & Nicolson 
(2015) found that where residents are charged on a pay-as-you-throw rate, individuals recycle 
more when unemployment is high in order to save money.  An interesting result came out the 
study conducted in Abadan, Iran, by Babaei et al. (2015).  They found that respondents with 
governmental occupation participate more in recycling than those that are self-employed or 
unemployed.   
Household size 
Halvorsen (2008) and Starr & Nicolson (2015) found that an increase in household resulted in 
an increase in recycling.  A similar result was obtained by Sidique et al. (2010) that showed 
that household size increased the number of visits to recycling facilities.  In Italy, household 
size was found to be not statistically significant in recycling participation (Fiorillo, 2013). 
Residence type 
Residents that stay in a single-family residence (private house) are substantially more likely to 
recycle (Jenkins et al., 2003; Martin et al., 2006; Mavropoulus, 2009; Halvorsen, 2012; Owusu 
et al., 2013; Geiger et al., 2019). Latif et al. (2013) demonstrated that types of living areas have 
a significant effect on both the intention to recycling and participation in recycling. In their 
study of recycling in Lithuania Miliute-Plepiene et al. (2016) found that for paper and metals, 
households living in multi-family dwellings recycle less than those in single-family dwellings. 
Barr (2003) showed that the size of a house is a significant determinant of participation in 
recycling – those who live in large houses are more likely to recycle.  These finding suggest 





Schoeman & Schmidt (2016) found that residents that stay in a commune have the highest 
recycling rate, followed by those that stay in a complex.  The lowest participation recycling 
rate was recorded for residents in large estates.  Abd’Razack et al. (2017) indicated that 
residents of Kaduna, Nigeria, that lives in compact housing are more likely to recycle their 
waste.  
3.4.3 Psychological factors 
Barr et al. (2003:410) defines psychological factors as a term that “encompasses the 
personality and perceptional traits of individuals concerning the behaviour”.  Psychological 
factors in recycling have been extensively investigated as discussed under Section 3.1 – 
Recycling behaviour theories.  Therefore, specific psychological factors that are identified in 
some studies are briefly discussed. 
Barr et al. (2003) in their study of recycling behaviour in Exeter, UK, showed that two 
psychological factors influence recycling – acceptance of the norm to recycle and awareness 
of the norm to recycle.  Thus, being aware of other people’s recycling participation and 
accepting this as the norm, greatly impacted the intention to recycle. Almost similar results 
were obtained by Wang et al. (2018) in China that found that other people’s behaviour and 
moral obligations have a positive impact on the intention to separate waste.  Behaviour of 
people and pressure from peers and family also have a positive effect on drop-off site visits in 
Minnesota counties (Sidique et al., 2010).  Thus, social pressure is an important factor in 
recycling behaviour in these studies.  However, Tiew et al. (2019) in their study in Malaysia 
found that recycling behaviour of friends, family and co-workers did not affect respondents’ 
participation in recycling.   
Both Tonglet et al. (2004) and Ma et al. (2018) showed that an individual’s attitude is a major 
determinant of recycling behaviour.  Tonglet et al. (2004) state that attitude is influence by 
the availability and knowledge of recycling facilities, having time and space for recycling and 
not being too much inconvenient by recycling.  Other factors identified in their study are 
previous recycling experience, a concern for the community and the consequences of 
recycling.  Corsini et al. (2018) in their study in Peitra Ligure, Italy, also found a positive 
relationship between attitudes and perceived behavioural control.  They also showed that 




motivations for household recycling in the Halvorsen (2012) study across 10 OECD countries, 





CHAPTER 4:  STUDY AREA AND METHODOLOGY 
4.1 Study area 
The focus of this study is the City of Johannesburg and this section provides a brief description 
of the city.  This is followed by a discussion based on Pikitup, which is the waste management 
service provider in the CoJ. 
4.1.1 City of Johannesburg 
The CoJ is the largest metropolitan municipality in South Africa and is located in the smallest 
province (Figure 4.1) and constitutes 36% of Gauteng’s population and 8% of the population 
of South Africa (CoJ, 2019; StatsSA, 2019a).  Johannesburg has approximately 5.5 million 
residents in 1.85 million households (CoJ, 2020).  The CoJ covers an area of 1 648 km2 and 
stretches from Orange Farm in the south to Midrand in the north, which makes it larger than 
London or New York and similar in size to Los Angeles (CoJ, 2012b).  The CoJ is divided into 
seven diverse administrative regions and each region is responsible for local-community-
based services.   
 




The CoJ has world-class infrastructure although it has many socio-economic contrasts (Main, 
2020).  The average income per capita is R74 600 per year (CoJ, 2016) and Johannesburg is 
categorized as an upper-middle income economy by the World Bank (CoJ, 2019).  However, 
the CoJ also has some of the highest levels of inequality in the world. Unemployment is at 
31.7% and 45% of its residents are living in poverty (CoJ, 2020).  Not only are residents facing 
special inequality, but the CoJ is also characterized by social exclusion and underdevelopment.  
According to Madlalate (2016), residential segregation has survived the fall of apartheid and 
at the same time is reinforced by economic inequality.  The poor residents generally reside in 
suburbs in the south and on the far northern parts of the city.   
The CoJ contributes 14.91% of the GDP of South Africa (CoJ, 2020) and 40% of Gauteng’s Gross 
Value Add (GVA) (Abrahams & Everatt, 2019).  Most of its contribution is concentrated in the 
tertiary sectors of trade, transport, finance and community services sector.  In terms of GVA, 
the finance sectors accounts for 29.6% of the GVA and is also the biggest employer in 
Johannesburg with 27.3% (CoJ, 2020).  This is followed by the trade sector with 14.7% of the 
city’s GVA and employs 21.4% of the formal sector workers (CoJ, 2019; CoJ, 2020).  The 
informal economy in Johannesburg accounts for 14.3% of the total employment in the city 
(CoJ, 2020).  
Johannesburg is considered the ‘economic hub’ of South Africa and people migrate to 
Johannesburg at a rate of approximately 3 000 people per month (CoJ, 2019).  In the decade 
of 2008 to 2018, the CoJ’s population grew at an average of 2.91% per annum that exceeds 
the South African average of 1.56% per annum (CoJ, 2020).  Another way to look at the 
population growth in the CoJ is population density – with an increase from 1 962 persons/km2 
in 2001 to 2 698 persons/km2 in 2017 (CoJ, 2019).  A unique feature of the CoJ is its relatively 
young population compared to the rest of South Africa (Figure 4.2).  About 34.3% of 
Johannesburg’s population fall in the 14 – 35 years age group (CoJ, 2012; CoJ 2019) and 
around 40% within the young working age of 24 – 44 years (Abrahams & Everatt, 2019; CoJ, 
2020).  The reason for this ‘young’ population is that many young people migrate to 
Johannesburg looking for employment and better opportunities.  However, there are high 
levels of youth unemployment with around 40% of the youth in the city not working in the 







Figure 4.2:  Population pyramid of Johannesburg (CoJ, 2020). 
In 2018 the infrastructure backlog was in the order of R170 billion (CoJ, 2019) and this puts 
tremendous strain on the CoJ’s infrastructure, including waste management services and 
putting the necessary infrastructure in place for recycling.  This is compounded by the 
expanding population that puts additional pressure on service delivery in the city.  Karani & 
Jewasikiewitz (2007) and Muzenda et al. (2012) state that local authorities in South Africa, 
and especially the CoJ, are struggling to implement ISWM successfully.  Waste management 
and services fall under the Department of Environment and Infrastructure Services of the CoJ 
and is operated by Pikitup. 
4.1.2 Pikitup 
As discussed in Section 3.1.4, Pikitup is the service provider for waste management in 
Johannesburg and is wholly owned by the CoJ.  Pikitup provides waste management services 
to 1 182 997 formal households and 157 informal settlements (Pikitup, 2020).  Pikitup is also 
mandated to ensure the overall cleanliness of the CoJ.  However, Rasmeni & Madyira (2019) 
reported that only 86 out of 182 (47%) of informal settlements receive waste cleaning 
services.  The Pikitup waste infrastructure consists of 12 depots across the seven regions of 
the CoJ, six sorting facilities and buy-back centres, 42 drop-off/garden sites, four operational 




owned landfill sites (Mooiplaats and Chloorkop) in the north of the CoJ are also used for waste 
disposal.   
 
Figure 4.3:  Spatial distribution of Pikitup infrastructure (Jeffares & Green Engineering 





As stated before, landfills in the CoJ are experiencing a rapid depletion of airspace, and if no 
interventions are made, Pikitup will run out of landfill airspace by 2023 (Pikitup, 2018).  To 
comply with the NWMS, the IWMP of Johannesburg (CoJ, 2011c) and to expand the lifespan 
of landfills, Pikitup had to change their business model to shift the focus of waste 
management away from waste disposal to waste avoidance, reduction, reuse and recycling.  
Pikitup therefore developed strategic goals to implement IWM, and Goal 2 – shift towards 
IWM and waste minimisation, is applicable to this study.  Under this goal there are two 
objectives namely, to ensure that waste to landfill is minimized and to ensure that appropriate 
infrastructure is developed to dispose of waste in a sustainable manner.   
The latest Pikitup budget figures available related to recycling (CoJ, 2018), are as follow: 
• R55.3 million for the roll out of the S@S programme at targeted areas; 
• R3 million for the roll out and replacement of street infrastructure (underground and 
recycling bins); and 
• R37.4 million for the upgrading of ten drop-off sites to include buy-back centres and 
sorting facilities where feasible. 
However, Pikitup as the waste management service provider, experiences numerous barriers 
as discussed in Section 2.7.1.  To name a few examples, population growth (as discussed 
earlier in this section), a reduction R77.8 million on Pikitup’s capital budget for 2019/20, 
affordability of Pikitup services, revenue collection from commercial customers was only 59% 
for the 2018/19 financial year, lack of equipment, critical leadership vacancies not filled, 
unreliability of its fleet, breakdown of equipment, delay in fleet procurement, decrease in 
total waste diverted away from landfills and low recycling rates (CoJ, 2020; Pikitup 2020).  
Households can make a significant contribution to divert waste from landfill and investigating 
recycling behaviour can contribute to increasing recycling participation and provide crucial 
information to the local authority and Pikitup regarding the S@S programme.  The focus of 
this current research is waste separation at source behaviour and drivers that influence 
participation in recycling of residents in the CoJ and the methodology used for this study is 






The main aim of the study is to investigate waste separation behaviour and factors which 
underpin recycling behaviour of households in the City of Johannesburg and includes six 
objectives (Section 1.2).  The aim and objectives set the boundaries of this research project 
and clarifies its specific direction.  It further provides a focus for the study and provide a direct 
link to the study’s design and methods (Clark & Badiee, 2010; Doyle et al., 2016).  
The research process was conducted in three stages as proposed by Teddlie & Tashokkori 
(2009) for mixed method research, namely the conceptualization stage, methods stage and 
inferential stage.  In the conceptualization stage the research purpose (aim) was specified and 
the research objectives were identified.   The methods stage consisted of choosing the study 
design, selecting the sampling strategy, determining the type of qualitative and quantitative 
data that were collected, and specifying the data analysis methods.  In the inferential stage 
quantitative and qualitative results were interpreted in response to the research objectives 
and conclusions were developed.  The next section outlines the mixed method research 
approach of this study. 
4.2.1 Mixed method research 
A mixed method research approach is an appropriate method to use as quantitative or 
qualitative research alone is not sufficient to gain an understanding of the recycling behaviour 
of residents in Johannesburg.  Creswell (2015) defines it as an approach that collects, analyses 
and interprets both quantitative and qualitative data.  This approach provides a 
comprehensive account for the research undertaken and qualitative data are used to enhance 
and illuminate quantitative results and thus increase the validity of the findings (Doyle et al., 
2016; McKim, 2017).  Both qualitative and quantitative data were collected during the same 
timeframe and therefore can be considered as a concurrent mixed method design 
(Onweugbuzie & Collins, 2007).  Furthermore, the convergent design, also known as the 
convergent parallel or concurrent triangulation design (Alise & Teddlie, 2010; Creswell, 2015; 
Doyle et al., 2016) was used (Figure 4.4.).  By using the convergent design, the findings of the 
qualitative and quantitative data are not dependent on the results of one another and the 










Figure 4.4:  Convergent design in mixed methods (Adapted from Doyle et al. 2016). 
Mixed methods add value to research conducted.  One such advantage is that by using a mixed 
methods approach, studies gain a deeper, broader understanding of the phenomenon than 
studies that do not use both quantitative and qualitative approach (Schulze, 2003; 
Hurmerinta-Peltomaki & Numella, 2006).  The methodological flexibility of mixed methods 
research allows for the intersection or integration with other research approaches (Plano 
Clark & Ivankova, 2016).  The integration component of mixed methods gives readers more 
confidence in the results and conclusions of a study (O’Cathain et al., 2010).  Coyle & Williams 
(2000) state that mixed methods research is the only way to be confident of findings.  
Tashakkori & Teddlie (2003) are of a similar opinion and state that certainty of interpretation 
is assured if a mixed method approach is used.  Lastly, according to O’Cathain et al. (2010), 
mixed methods enable researchers to develop ideas for future research.   
The advantages of mixed methods research have led to its acceptance and use across varied 
disciplines (Alise & Teddlie, 2010; Creswell, 2015; Clark & Ivankova, 2016).  One such field is 
recycling behaviour and previous studies used a mixed methods approach (Hunter, 2001; Barr 
et al., 2003; Bolaane, 2006; Miafodzyeva et al., 2013; Bergeron, 2016; Abd’Razack et al., 2017). 
4.2.2 Questionnaires  
Two questionnaires were used for this study.  The first questionnaire tested recycling 
behaviour (Appendix A) and the second questionnaire tested drivers (factors) that influence 
participation in recycling (Appendix B).  Ethical clearance was obtained to conduct this study 
from the Faculty of Science Ethics Committee (Appendix C).  It is important to note that the 










questionnaires indicated that ‘recycling’ is a word they are more comfortable with than the 
phrase ‘separating waste’.  The recycling behaviour questionnaire pilot group indicated that 
the general public use the word recycling and do not make the academic distinction between 
recycling and waste separation for recycling.  
Recycling behaviour questionnaire 
In this questionnaire both open-ended and closed questions were asked.  Section A of the 
questionnaire collected demographic information such as age, gender, employment status, 
education level, income level and residence type.  Section B investigated the knowledge and 
opinion of respondents regarding recycling and the environment.  Nine statements were given 
to respondents and they had to indicate their agreement using a five-point Likert scale – 
ranging from strongly disagree to strongly agree.  A Likert scale was used as it is an acceptable 
scaling method in behavioural sciences that allows for concepts to be expressed in a single 
dimension and are easier to understand (Tastle & Wierman, 2007).  Additional questions in 
this section covered respondents’ knowledge of the S@S programme and waste pickers.  This 
section ended with a question on whether respondents recycle or not. 
Section C of the questionnaire targeted residents that participate in recycling.  They were 
asked to indicate their level of recycling and what items they recycle.  Questions on travelling 
to dispose of recyclables and the collection of recyclables were put to respondents.  
Respondents were also asked to identify the main recycler in their household and if they are 
sure whether an item is recyclable.  Six statements regarding recycling infrastructure and 
information were tested and respondents had to indicate if they would increase their 
separation of waste.  Reasons for recycling were also explored and this section ended with an 
open-ended question on what the CoJ can do to increase participation in waste separation. 
The last section of this questionnaire (Section D) targeted residents that do not recycle.  
Reasons for non-participation in recycling were asked.  The same six statements regarding 
recycling infrastructure and information that were used for recycling respondents, were also 
investigated for non-recycling respondents.  Awareness of recycling facilities and willingness 
to use such facilities were also asked.  This section also ended with an open-ended question 





Recycling driver questionnaire 
This questionnaire was based on the recycling literature and studies that applied the Theory 
of Planned Behaviour (Sections 3.3.2 and 3.4.3) and consisted of four sections.  Section A 
collected the exact same demographic information as the recycling behaviour questionnaire.  
Section B obtained information using a five-point scale ranging from strongly disagree to 
strongly agree.  Twenty-five statements regarding recycling were given to respondents that 
investigated their attitude, subjective norm, perceived control, moral norm, situational 
factors, outcomes and consequences of recycling.  This section ended with a statement 
regarding the participation of respondents in recycling. 
Section C targeted respondents that recycle and gathered information on what items are 
recycled and the disposal of recyclables.  Section D consisted of open-ended questions where 
respondents had to indicate their opinion on why residents do not recycle and what the CoJ 
can do to increase participation in recycling. 
4.2.3 Data collection 
For both questionnaires, the convenience sampling scheme as identified by Onwuegbuzie & 
Collins (2007) and Collins (2010) was used.  They define convenience sampling as choosing 
individuals that are conveniently available and willing to participate in the study.  The 
boundary of the sampling is the City of Johannesburg.   
To determine the number of participants in the study with a 95% confidence level, 0.5 
standard deviation and a margin of error (confidence interval) of ± %5, the following formula 
was used to calculate the sample size needed: 
Sample size = (Z-score)2 x Standard deviation x (1-standard deviation) / (margin of error)2 
  = ((1.96)2) x 0.5(0.5) / (0.05)2 
  = (3.8416 x 0.25) / 0.0025 
  = 384.16 
  ≈ 385 
(Z-score is a constant value and for a 95% confidence level equals 1.96) 
For both the questionnaires the minimum sample size of 385 for a 95% confidence level was 




voluntarily.  Self-reporting is the most commonly used method to measure household 
recycling behaviour (Miafodzyeva et al. 2013; Pakpour et al. 2014).  Respondents were 
informed about the aim of the study and the confidentiality of their responses.  No data that 
could identify respondents were collected and thus this study was anonymous.  The detailed 
data collection and capture processes for each questionnaire are outlined in the following 
sub-sections. 
Data collection and capture:  Recycling behaviour 
Data were collected from July 2018 to October 2019.  A pilot survey was conducted in July 
2018 on a Whatsapp street group in the CoJ of which the researcher is a member.  A total of 
47 residents completed the survey using Google Forms as the survey platform.  Respondents 
were asked to give feedback on the questionnaire such as questions that are ambiguous, 
instructions that are not clear, etc.  Three types of feedback were received.  The first was on 
two grammatical errors in the questionnaire and no other errors or issues were reported.  The 
second feedback was on the use of ‘recycling’ vs ‘waste separation’.  As explained in Section 
4.2.2, the feedback indicated the preference for the word recycling rather than waste 
separation. The last feedback received had a major impact on the collection of the data.    
The initial design and planning were to collect data using online platforms and social media.  
However, five members provided feedback via a private Whatsapp to the researcher to the 
effect that they did not complete the questionnaire as they do not recycle and feel too 
embarrassed or ashamed to complete the questionnaire.  It thus seems that potential 
respondents that do not identify with positive behaviour (in this case participation in 
recycling), would be hesitant to or not complete the questionnaire.  As this questionnaire 
determines both positive and negative recycling behaviour, it is important to obtain the 
information and views of both recyclers and non-recyclers.  It was decided not to use an online 
platform and social media as the probability existed that mostly only recyclers would 
complete the questionnaire.  Therefore, data were collected using a hardcopy of the 
questionnaire. 
Questionnaires were distributed to Gauteng teachers that attended courses at the University 
of Johannesburg (UJ), students and staff at various tertiary institutions in the CoJ, and third 




Studies at UJ distributed questionnaires to members of their community, families and friends.  
At the end of June 2019, an assessment was done on the data collected.  The researcher 
observed that the data collected up to that stage were not representative of the demography 
of Johannesburg.  Almost 90% of respondents at that stage came from the Black racial group 
and the age groups over 40 years were not well presented.  A second round of data collection 
took place where the researchers visited a number of private high schools in Johannesburg 
and explained the importance and aim of the study to senior learners.  The learners were 
given a copy of the questionnaire to take home to be completed by a parent or guardian. 
Completed questionnaires were collected from the various schools by arrangement. 
The data from the questionnaires were captured in Google Forms and an Excel spreadsheet 
was downloaded with the responses.  This study investigated the recycling behaviour of 
respondents and the relationship between positive/negative behaviour and various variables 
and it was crucial that respondents indicated whether or not they participate in recycling.  A 
100% response rate was recorded for this question and no responses were discarded based 
on this.  As the CoJ is the study area, respondents that did not reside in Johannesburg or did 
not indicate their city/town of residence were removed.  A total of 1 019 responses were 
included in this study.   
Data collection and capture:  Recycling drivers 
Data for this questionnaire were collected during May 2020.  Due the emergence of the Covid-
19 pandemic and South Africa going into lockdown on 26 March 2020, data had to be collected 
using an online platform and social media.  Google Forms were used as the online platform.  
Honours students in the Department of Geography, Environmental Management and Energy 
Studies at UJ completed the questionnaire as a pilot survey to determine the suitability of the 
questionnaire, as well as identifying potential problems and issues of the questionnaire.   
Invitations to complete the questionnaire were sent to various Whatsapp, Telegram and 
Facebook groups of which the researcher is a member at beginning of May 2020.  This can be 
considered as convenience sampling as discussed earlier.  Members of these groups then 
shared the invitation with other groups and individuals and this method is deemed as 
snowball or chain sampling.  Snowball/chain sampling is defined by Onwuegbuzie & Collins 




Two weeks after the invitations were sent out, no additional responses were received on 
Google Forms.  An Excel spreadsheet was downloaded with the responses and respondents 
that did not reside in Johannesburg were removed.  Although respondents mainly resided in 
Johannesburg, due to the snowball effect some responses were also received of countries in 
Europe.  A total of 400 respondents were residents of Johannesburg.  However, two 
questionnaires were excluded due to incomplete answers provided.  A total of 398 responses 
were included in the study of recycling intention. 
4.2.4 Data analysis 
The Excel spreadsheets for both questionnaires were imported into Statistical Package for 
Social Sciences (SPSS) for Windows and analyses were performed using SPSS.  Descriptive 
statistical techniques were used to organize and summarise data for enhancing the 
understanding of the results (Onweugbuzie & Combs, 2010; Rogerson, 2015).  The 
demographic data, closed questions with yes/no answers and statements on recycling were 
analysed using descriptive statistics.  For the recycling behaviour questionnaire, measures of 
variability were applied to show the spread of the distribution between recyclers and non-
recyclers.  For Likert scale questions, the central tendency was determined by calculating the 
mean, while variability was determined by calculating standard deviation.  Results of the 
descriptive statistics were presented in the forms of graphs and tables.  Integration, where 
qualitative and quantitative data intersect, was investigated to determine if the qualitative 
data improved the quantitative findings.  
The comments provided in the open-ended question for the recycling behaviour 
questionnaire were analysed using content analysis.  Content analysis is an analytic method 
used to determine the frequency of certain words and phrases and using a coding frame to 
generate measurements from qualitative data (Byrne, 2017; Hsiu-Fang & Shannon, 2018; 
Maier, 2018).  As Payne & Payne (2004) explains, content analysis demonstrates the meaning 
of written sources by systematically allocating their content to categories and quantifying and 
interpreting the outcomes.  Key words and phrases were used to identify textual elements 
and served as a basis for counting frequency of occurrence as suggested by Byrne (2017).  The 
approach used in the content analysis were an inductive or conventional qualitative content 




is largely absent and the purpose is to create knowledge (Hsiu-Fang & Shannon, 2018).  As 
there is no existing knowledge on what measurements can increase recycling in the CoJ, this 
was the appropriate approach to use.  The coding scheme and identification of the different 
themes emerged from the data and data were coded through an iterative process.  This served 
to reduce and condense the data based on the content and meaning of comments made by 
respondents.  The comments were pulled into a spreadsheet and based on the comments 
provided, different themes were identified that respondents commented on.  Each comment, 
or part of a comment, were then classified into one of the themes.   
Inferential statistics are methods that are used to infer properties of an underlying probability 
distribution (Rogerson, 2015).  Inferential statistical methods were used for further analysis 
of data collected for both questionnaires and are discussed in more detail in the next sub-
sections.  
Data analysis:  Recycling behaviour 
Statements regarding the benefits of recycling required of respondents to choose one of five 
options from a Likert-scale.  Reliability of scales indicates how free it is from random error and 
internal consistency is “the degree to which the items that make up the scale are all measuring 
the same underlying attribute” (Pallant, 2013:6).  To determine the internal consistency of 
questions regarding respondents view on recycling, the Cronbach alpha coefficient (α) was 
0.83, which indicates very good internal consistency – or a very good coefficient of reliability 
(Field, 2009; Pallant, 2013).  Cronbach’s α is the function of the number of test items and the 
average inter-correlation among the items and is the most common measure of scale 
reliability (Field, 2009).  Cronbach’s α formula is: 
 𝛼𝛼 = 𝑁𝑁
2𝐶𝐶𝐶𝐶𝐶𝐶
∑𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + ∑𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
2    N2   = number of items squared  
      𝐶𝐶𝐶𝐶𝐶𝐶   = average covariance between items 
      ∑𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑠𝑠 2     = sum of item variances  
      ∑𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = sum of item covariances 
Factor analysis was used to identify the underlying knowledge factors of recycling.  Earlier 
studies applied the same approach with motivation of recycling, different types of recycling 




(2015:334) explains, “the idea behind factor analysis is to construct factors that represent a 
large proportion of the variability of the dataset”.  The items of the benefits of recycling were 
subjected to principal components analysis (PCA) for factor extraction and the factor rotation 
method was oblimin with Kaiser normalisation.  PCA is described by Dunteman (1989) and 
Weller & Romney (1990) as a statistical technique that applies linear transformations on a 
dataset to reduce it into a smaller set of uncorrelated variables that represents most of the 
information in the original dataset.  Brody (2018:526) states that “rotating the factor structure 
allows for the extraction of factors with face validity – the goal is to derive factors that 
accurately reflect reality”.  Oblimin rotation is an oblique rotation that assumes that the 
factors are not independent of one another and that there is some correlation among two or 
more factors (Pett et al., 2003).  Also, oblimin rotation uses a value to determine the degree 
of correlation between factors (Brody, 2018). 
Prior to performing PCA, the suitability of data for factor analysis was assessed using a 
correlation matrix.  There are two main issues that need to be considered in determining the 
suitability of a dataset for factor analysis – sample size and the strength of the relationships 
among the items (Pallant, 2013).  Tabachnick & Fidell (2013) suggest having at least 300 cases 
for factor analysis.  This study had 1 019 respondents and thus meets the first requirement.  
The strength of the intercorrelations among the items in the correlation matrix were 
inspected and the majority showed coefficients greater than 0.3.  The strength of the 
relationships among the items can be viewed as the measure of sampling adequacy or 
whether data would factor well.  For this the Kaiser-Meyer-Olkin (KMO) value and Bartlett’s 
Test of Sphericity (BTS) were calculated.  The KMO is a measure of how suited data is for factor 
analysis and measures the sampling adequacy for each item in the model, while the BTS tests 
for the presence of correlations among variables.  Pallant (2013) and Tabachnick & Fidell 
(2013) propose that the KMO is greater than 0.6 and the BTS must be significant at < 0.05.  
The KMO calculated was 0.907, exceeding the recommended value of 0.6 (Kaiser, 1970; 
Pallant, 2013; Tabachnick & Fidell, 2013) and it is a superb value of greater than 0.9 
(Hutcheson & Sofroniou, 1999).  BTS reached statistical significance (p = 0.00 < 0.05), 
supporting the factorability of the correlation matrix.  The number of factors to retain were 
determined by using the eigenvalue cut-off rule where only factors with values greater than 




A multivariate analysis was performed to determine the relationship between gender, age, 
race, employment status, education level, income level, residence type and household size 
and waste separation behaviour. Previous studies that determined the relationships between 
socio-demographic variables and recycling are Tindall et al. (2003), Tonglet et al. (2004) 
Sidique et al. (2010), Fiorillo (2013), Babaei et al. (2015) and Abd’Razack et al. (2017).  The aim 
was to identify the strength of the relationship between socio-demographic data and 
separating waste for recycling.  By stating the relationships these variables have to each other, 
new and improved explanations can be generated (Whetton, 2009).  The independent 
variables are gender, age, race, employment, education, income, residence type and 
household size (Figure 4.5) and the dependent variables were whether a person recycles (yes) 
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Figure 4.5:  Relationship between socio-demographic variables and waste separation. 
For each of the independent variables, an analysis was conducted using cross tabulation and 
chi-square test for independence.  Cross tabulation (also known as a contingency table) is a 
table in matrix format that displays the multivariate frequency distribution of the variables 
(Fielding & Gilbert, 2012).  Chi-square (χ2) test for independence assesses if an association 













observed frequencies of responses in each of the categories to the values that would be 
expected if the variables were independent of each other (Pallant, 2013).  The calculation of 
the chi-square statistic is done using the following formula: 
  (fo – fe)2  fo = the observed frequency 
χ2 = ∑         fe  fe = the expected frequency if no relationship existed between variables 
 
Two assumptions are important to verify the suitability for chi-square testing.  The first is that 
all cells should meet the minimum requirement of at least five frequencies.  The second is the 
sample size and a minimum of 30 samples are recommended (McHugh, 2018).  The minimum 
requirement of at least five expected values per cell in the contingency tables were met for 
the use of χ2 to test for statistical significance at the 95% confidence level.  The sample size 
was 1 019 that exceeds the minimum sample size. 
The phi correlation coefficient (phi) was used to measure the strength of association between 
two variables.  It is used for contingency tables and is related to chi-squared statistics.  The 




  n = total number of observations 
The values for phi can range from 0 to +1.0 – where a value of 1.0 means there is a perfect 
one-to-one correlation between two variables.  The following categories were used to guide 
the interpretation of the strength of the effect size represented by the calculated value of the 
phi correlation coefficient (Table 4.1). 
Table 4.1:  Phi correlation coefficient values and strength of correlation 
      (Adapted from McHugh, 2018). 
Phi value Strength of correlation 
0.0 – 0.19 Very weak correlation 
0.2 – 0.29 Weak correlation 
0.3 – 0.49 Moderate correlation 
0.5. – 0.69 Strong correlation 






Data analysis:  Recycling drivers 
A bivariate analysis is an inferential statistic that examines the relationship between two or 
more variables to determine the empirical relationship between them (Yilmaz, 2018).  Three 
bivariate analyses were used to determine the relationship between recycling behaviour and 
the socio-demographic variables of gender, age, education and income.  The independent 
samples t-test is used when a comparison is done between the means of two groups to 
determine if there is a statistical difference between the groups (Ploeger-Lyons, 2018) and 
was used for gender.  For the variable age, the Pearson correlation coefficient (r) was used 
that measures the strength and direction of linear relationships between two quantitative 
variables and the degree to which the variables coincide with one another (Chao, 2018).  
Analysis of variance (ANOVA) was used for the variables education and income level.  ANOVA 
is used when a comparison is made between group averages on a dependent variable across 
different levels of an independent variable (Blankenship, 2018). 
Exploratory factor analysis was used as a reduction method on the drivers of recycling 
behaviour.  After an extensive literature review, the statements used in this study is similar as 
those used in the Tonglet et al. (2004) study that determined the drivers for households’ 
waste minimisation behaviour in Brixworth (UK).  The questionnaire used in the Tonglet et al. 
(2004) are the most comprehensive of the literature reviewed by the researcher.  For this 
study 25 statements were used to determine the drivers to separate waste for recycling.  This 
study therefore did not investigate the intention to recycle, but the relationship between 
variables and actual participation in recycling.  The statements used can be grouped under 
attitude, subjective norm, perceived control, moral norm, situational factors, consequences 



























Figure 4.6:  Aspects used to determine drivers of recycling. 
Exploratory factor analysis (EFA) is a set of statistical procedures that was used to determine 
the number of constructs (factors) that account for the pattern of correlations among the 25 
statements of the questionnaire.  According to Grant & Fabrigar (2011:333), “EFA is a 
statistical method used to explore the underlying structure of correlations among observed 
variables”.  EFA is a data reduction technique used when measures are interrelated, and a 
linear combination of variables are calculated that permit the summarisation of a collection 
of variables (Reinhard, 2006).  If factors are identified, they could be used to represent the 
variables that define it (Reinhard, 2006; Parsons, 2018).  EFA involves two steps – factor 
extraction and then factor rotation.  For this study principal axis factoring was used for factor 
extraction and varimax for factor rotation.   
First, the requirements to conduct EFA were determined.  Pallant (2013) and Tabachnick & 
Fidell (2013) suggested that the minimum number of cases should be 300 and this 
questionnaire had 398 respondents.  The strength of the intercorrelations among the items 
in the correlation matrix were inspected and the majority showed coefficients greater than 
0.3.  The Cronbach alpha coefficient (α) calculated was 0.97 that indicates a very good internal 
consistency (Field, 2009; Pallant, 2013).  The KMO was 0.956 (> 0.6) and the BTS was 0.0 (p = 












The number of factors to retain and that account for the correlations among the variables 
were determined by using the eigenvalue cut-off rule where only factors with values greater 
than 1.0 are retained, Catell’s scree test (Cramer & Howitt, 2004; Pallant, 2013) and Horn’s 
parallel analysis (Pallant, 2013; Parsons, 2018).  Parallel analysis calculates the eigenvalues 
from a randomly generated dataset of the same size.  Only factors are retained whose 
eigenvalues exceed the corresponding values from the random dataset.  The next step was to 
rotate the factors for interpretation and varimax rotation was used.  Varimax rotation 
maximizes the sum of the variance of the squared loadings (correlations between variables 
and factors).  According to Dilbeck (2018), varimax rotation (also called Kaiser-Varimax 
rotation) is an attempt to clarify the relationship among factors.  It is an orthogonal rotation, 
and the factors are not correlated and has the “greatest scientific utility, consistency, and 
meaning” (Gannon-Cook, 2010:82).  Brody (2018) share this opinion and stated that rotating 
a matrix allows for a full consideration of trends, patterns and themes that assist in the 
interpretation of the data. 
Comrey & Lee (1992) offer guidelines for evaluating factor loadings and suggest that no item 
that loads below .30 should be included in an orthogonal rotation.  All the items in the rotated 
matrix of the EFA had loadings above .30 and were included for further analysis.  The authors 
also provide guidelines for item-to-factor loadings (Table 4.2) and were used in the 
interpretation of factor loadings. 
Table 4.2:  Item-to-factor loadings and shared variance 
      (Adapted from Comrey & Lee, 1992). 
Factor loading Shared variance 
.45 20% share variance (fair) 
.55 30% shared variance (good) 
.63 40% shared variance (very good) 
.71 50% shared variance (excellent) 
 
The results of the bivariate analysis found that only one socio-demographic variable, age, had 
a statistically significant relationship with recycling participation.  The EFA resulted in the 
identification of three factors, named recycling benefits, perceived control and situational 
variables.  A multiple regression analysis was performed using recycling participation as the 
dependent variable and age, recycling benefits, perceived control and situational variables as 




Multiple regression is a statistical analysis procedure that expands linear regression and 
analyses associations between two or more independent variables and a dependent variable 
(Segrin, 2010; Pederson, 2018).  A common application of multiple regression is to predict 
values of a particular dependent variable – in this study recycling participation.  In this context, 
the independent variables are then referred to as predictor variables (Segrin, 2010).  Pederson 
(2018) states that multiple regression is often used when multiple factors contribute to 
explaining a particular phenomenon.   
Prior to conducting the multiple regression analysis, the assumptions of multiple regression 
were determined.  The first requirement to be met was the sample size and Tabachnick & 
Fidell (2013) give a formula for calculating the sample size requirements: N > 50 + 8m (where 
m = the number of independent variables).  Four independent variables were used in this 
study and therefore the required sample size was 82.  With 398 respondents, this requirement 
was met.   
The second assumption that needs to be addressed in multiple regression is multicollinearity 
that refers to a situation where the independent variables are highly correlated (Pallant, 
2013).  If multicollinearity is present, multiple regression cannot be performed as it 
undermines the statistical significance of an independent variable.  The tolerance and VIF 
(variance inflation factor) values were used to check for multicollinearity.  The cut-off points 
used were those suggested by Pallant (2013).  Tolerance values of less than .10 and VIF values 
above 10 indicates multicollinearity.  The tolerance value for each independent variable were 
> .10 and the VIF values below 10.  Therefore, the multicollinearity assumption was not 
violated.   
The assumption of normality of distribution was assessed using a Normal P-P Plot (Figure 4.7a) 
and a histogram with a superimposed normal curve (Figure 4.7b).  For the Normal P-P Plot the 
data points lied in a reasonably straight diagonal line and thus no major deviations from 
normality occurred.  The histogram also displayed a normal distribution and therefore the 





a) Normal P-P Plot 
 
 
b) Histogram  
Figure 4.7:  Tests for normality. 
Lastly, the scatterplots generated were inspected to determine if there were any outliers and 
to check for non-linearity and homoscedasticity.  No outliers were identified, and the 
scatterplots had the same scatter and thus met the requirement of homoscedasticity.  No 
non-linearities showed up in the residual scatterplots. 
4.3 Problems and limitations 
It is inevitable that research conducted has limitations and problems associated with it – from 
asking the research questions through to the interpretation of the findings.  This section give 
account for the problems and limitations of this study.  This will assist other researchers that 
undertake similar studies to take note of these and make the necessary adaptions to avoid 
similar issues. 
4.3.1 Questionnaires 
A pilot survey was conducted for both questionnaires.  For the ‘recycling behaviour’ 
questionnaire a Whatsapp group was used where members of this group can be considered 
as middle-income that mostly stayed in a private house.  There were no ambiguous questions 
reported by the pilot group and the data collected from this group did not indicate that there 
was any uncertainty answering any of the questions asked.  However, analysing the data from 
the 1 019 questionnaires used for this study showed that the question regarding residence 




‘private house’ a number of respondents chose ‘other’ and then listed housing such as an RDP 
house.  In South Africa government subsidy housing that are given to low-income families are 
commonly known as RDP houses.  This is an indication that not all respondents understood 
this question.  This required a reclassification of the recorded residence type under ‘other’.  
The uncertainty regarding what residence type was appropriate to choose was also reflected 
in the fact that 21 respondents (2%) did not complete this question.  No other problems were 
identified for both the questionnaires. 
It is therefore proposed that for future studies a pilot survey includes more diversity in terms 
of socio-economic groups.  This will afford the researcher the opportunity to identify 
questions that may be misunderstood or a challenge to complete for different groups in a 
community.  For South African studies is it is recommended that the options for residence 
type are expanded to include residence types such as RDP houses and shacks.  This will be also 
applicable to other developing countries where informal housing and a range of different 
residence types are a common occurrence. 
4.3.2 Data collection 
As stated in Section 4.2.3, the initial design and planning were to collect data for the ‘recycling 
behaviour’ questionnaire using an online platform and social media.  Due to feedback given 
during the pilot survey, this data collection method was not used.  The assumption of the 
researcher at that stage was that mostly respondents that showed what is considered positive 
behaviour would participate in the study.  This assumption was proofed to be correct for the 
questionnaire on ‘recycling intention’ when an online platform and social media had to be 
used due to the Covid-19 pandemic and strict lockdowns levels in South Africa.  One of the 
results for this questionnaire was that 90.7% of respondents separated some or all recyclables 
from their household waste.  As the main aim of this questionnaire was not to test positive or 
negative behaviour, but rather drivers for separation of waste for recycling, all questionnaires 
that met the delimitation of the study area were included. 
The researcher could not obtain any literature that explores the participation in online surveys 
based on respondents’ view of themselves or positive behaviour.   The closest theory that 
might explain this is the Social Exchange Theory (SET).  Keusch (2015) explains SET as the 




rewards of participating in online surveys as pleasures, satisfaction and gratification that can 
be linked to the personal interests of sample respondents.  Burdens can be shortage of time, 
uncertainty of unfamiliar situations, comprehensive problems and fear of loss of anonymity 
(Keusch, 2015).  The researcher assumes that feeling embarrassed or ashamed for not 
recycling, can be experienced as a burden and therefore such individuals would not 
participate in a survey.   
It is therefore advised that studies that test positive and/or negative behaviour take 
cognisance of the finding in this study that mostly respondents that exhibited positive 
environmental behaviour took part in the ‘recycling driver’ questionnaire.  Great caution must 
take place when online platforms and social media are used for surveys that investigate 
positive and negative behaviour.   
4.3.3 Data completeness 
Most respondents completed all the questions for the ‘recycling behaviour’ questionnaire.  
The highest missing values recorded for questions were 40 for number of people in household 
(3.9%), 36 for income level (3.5%) and 21 for residence type (2%).  As stated before, three 
questionnaires were excluded for the study due to the large number of questions not 
answered. 
Not all respondents completed the open-ended questions.  In the ‘recycling behaviour’ 
questionnaire the open-ended question on what can the CoJ do to increase recycling elicited 
836 responses of which 774 (76%) were usable and included for qualitative analysis.  This can 
be regarded as excellent response rates to open-ended questions (O’Cathain & Thomas, 
2004).   
4.3.4 Data analysis  
As Queirós et al. (2017) noted, a benefit of using a survey include the high representativeness 
of the entire population, but the reliability is very dependent on the accuracy of answers 
provided by the respondents.  As explained in the previous section, most respondents 
completed all the questions of the survey and the missing values were very low.  Furthermore, 




Qualitative data analysis may be more difficult, complex and time consuming to manage and 
execute (Rahman, 2017; Queirós et al., 2017; Maier 2018).  Data reduction was used – more 
specifically content analysis for the open-ended questions for both questionnaires.  Themes 
were identified and comments and/or part of comments were classified and counted under 
the different themes.  This proved to be time consuming and the researcher had to work with 
and around ambiguities that are inherent in human language.  It is important to note that 
South Africa has 11 official languages and that for some respondents English, the language 
used in the questionnaires, are not their first language.  An example, “campaign education 
and be part of the work”.  The work ‘campaign’ was classified under the theme ‘campaigns 
and advertisements, ‘education’ under ‘education and awareness’, but ‘be part of the work’ 
meaning was not clear at all.  In such cases where comments or part of comments were not 
clear, no assignment to a specific theme was done. 
4.3.5 Limitations 
This study investigated the waste separation behaviour and drivers of respondents in the City 
of Johannesburg, the largest metropolitan in South Africa.  However, South Africa can be 
considered as “an unusual and extreme case in geography” (Baffi et al., 2018:285) that has 
complex territorial trends and urban settlements.  Urban settlements in South Africa ranges 
from metropolitan areas, secondary cities, large towns to small towns that serve surrounding 
rural areas.  There is thus a high probability that the findings of this study would benefit other 
metropolitan areas and even secondary cities in South Africa.  However, the findings cannot 
be applied for smaller towns as the settlement patterns and local government structures 
vastly differ from those of large cities. 
The main disadvantage of qualitative approaches is that the findings can only be generalised 
in a very limited way to the whole population (Onwuegbuzie & Leech, 2005; Atieno, 2009; 
Harry & Lipsky, 2014; Rahman, 2017).   Therefore, caution is advised when generalisations are 
made of the comment by the respondents.  In terms of the quantitative research approach, a 
weakness identified by Onwuegbuzie & Leech (2005) is the tendency that it represents only a 
snapshot of a phenomenon – in this case waste separation behaviour during a specific time 




Lastly, Rahman (2017:105) warns “policy-makers may give low credibility to results from 
qualitative approach”.  In their article on sustainable urban landscapes in South Africa, Cilliers 
et al. (2014:262) express a similar opinion by stating “institutional barriers often hinder more 
sustainable practices” in South Africa.  Related to this is the first-hand experience of the 
researcher in her attempts to get the input of local government in the study.  Over a period 
of 22 months, personal phone calls were made, and emails sent to the MMC of Environmental 
Affairs of Johannesburg.  Despite showing an interest in the results of the study and making 
assurances to provide an opportunity to the researcher to present her findings to and get 
input from the MMC, waste officials of the CoJ and Pikitup, this never materialised.  Contact 
details provided by Pikitup’s website are a general phone number and email address.  Emails 
sent to the email address provided were not responded to, phone calls went unanswered or 
the person answering could not provide contact details of officials.  Although the researcher 
has contact with Pikitup and waste officials of the CoJ, they indicated that they are extremely 
hesitant to participate or express opinions regarding the study if heads of departments and 
the MMC do not provide permission for such participation.  Granted, there might be more 
pressing issues that local government need to address, but in the light of the limited airspace 











CHAPTER 5:  ANALYSIS AND INTERPRETATION:  RECYCLING BEHAVIOUR 
The first sections of this chapter used descriptive statistics to show and present the results of 
the questionnaire on recycling behaviour. This is followed by exploring the relationship 
between different variables and recycling behaviour by means of inferential statistics.   
5.1 Demographics 
As stated in Chapter 3, 1 019 residents of Johannesburg completed the questionnaire on 
recycling behaviour.  This section represents the demographic information of the respondents 
such as age, gender, education, and others. 
5.1.1 Gender, age and race 
More females (55.2%) than males (44.8%) participated in the study (Figure 5.1).  In his paper 
linking survey participation with theoretical frameworks, Keusch (2015) found that none of 
theoretical frameworks explain why women are more likely to participate in surveys than 
men.  Nevertheless, the difference in participation based on gender in this study is small 
enough so that it would not skew the results towards a specific gender. 
 
Figure 5.1:  Gender and age groups of respondents. 
The age group with the highest number of respondents was the 20-29 years group (Figure 5.1) 






























was recorded in the 60+ year age group (4.2%).  As discussed in Section 4.1.1, Johannesburg 
has a young population compared to the rest of South Africa.  Thus, the higher participation 
of younger people in the survey conforms with the population profile of the CoJ. 
According to Uzayisenga (2019), the racial groupings in Johannesburg are 76.4% Black, 
followed by 12.3% White, 5.7% Indian/Asian and 5.6% Coloured.  The racial group with the 
highest participation in this study was Black (71.3%) and the lowest Asian/Indian (7.6%) 
(Figure 5.2).  Although not an exact match with the racial profile of the CoJ, the racial profile 
of respondents is close enough to be a very good reflection of the recycling behaviour of 
residents in the CoJ. 
 
Figure 5.2:  Respondents’ racial group. 
5.1.2 Education, income and employment 
Respondents that completed Matric (36.6%) were the biggest proportion that completed the 
questionnaire (Figure 5.3).  In South Africa, Matric (or matriculation) refer to the final year of 
high school and the qualification obtained on graduating from high school.  This is followed 
by residents who obtained a bachelor’s degree (27%), while those with only some primary 
school education (0.4%) recorded the lowest participation.   
For analysis purposes regarding education levels, a further grouping regarding education was 
done.  Education levels were grouped into those that completed education up to Matric 
(41.8%), and those with a post-Matric qualification (58.2%).  The latest figures available for 
the CoJ comes from the 2011 Census and 35% of residents had a Matric qualification and 19% 




thus had a higher level of education than the official figures for the city.  However, Abrahams 
& Everatt (2019) reported that Johannesburg has one of the highest educational attainments 
when compared to the rest of South Africa.  They further stated that for the 25-64 years age 
group, the proportion of those with both Matric and post-Matric education is much higher 
than the national average. 
 
Figure 5.3:  Education level of respondents. 
The researcher could not find reliable figures about the income levels in the CoJ.  The best is 
the StatsSA (2015) report on income dynamics and poverty of households in the different 
provinces and based on the 2011 Census data.  This report categorised income levels as no 
income, low income (R1 – R19 200), middle income (R19 201 – R307 200) and upper income 
(more than R307 201) per annum.  In 2011, 29.7% of Gauteng fell in the no income category, 
18.3% in the low-income, 28.6% in the middle income and 45.5% in the upper income category 
(StatsSA, 2015).  As income and salary levels are notably higher in Johannesburg than the 
average for South Africa (CoJ, 2016; Abrahams & Everatt, 2019), the income categorisation as 
developed by the Income and Expenditure Research Division of the Bureau of Market 
Research at the University of South Africa was used.  These categories are lower income (R0 




R500 000) and upper middle class to affluent (more than R500 001) per annum.  The results 
of the survey are shown in Figure 5.4. 
 
Figure 5.4:  Respondents’ income level. 
Just more than a third (34.8%) of respondents indicated that they are in the lower income 
group, followed by the emerging middle class (31.9%) while 15.4% indicated that they earn 
more than R500 001 per annum.  Although different categories were used than in the StatsSA 
(2015) report, a similar breakdown of income levels in Johannesburg is observed.  
Furthermore, as the population of the CoJ can be considered as young, the results of the 
income level distribution was expected as a large number of respondents are at the start of 
their career or what can be considered as middle management.   
Regarding employment status, 50.8% of respondents were employed full-time, followed by 
students (30.5%) (Figure 5.5).  The employment status with the lowest number of respondents 
were homemakers with 1.9%.  For analysis purposes, the employment status of respondents 
was grouped into those with full- or part-time employment (60.3%) and economically inactive 
(39.7%).  The CoJ (2020) puts unemployment at 31.7%.  Taking into consideration that 4.2% 
of the respondents were in the 60+ year age group and most of them pensioners, the 






Figure 5.5:  Employment status of respondents. 
5.1.3 Type of residence and number in household 
Residency type were grouped into the following four categories for analysis purposes – private 
house, complex/flat/estate/townhouse, commune/residence/student accommodation and 
other options (Figure 5.6).  Under other types of accommodation recorded were homeless, 
renting, informal settlement and shack.  A private house was the highest recorded type for 
residence (51.1%), followed by living in a complex, flat, estate or townhouse (25.9%). 
The Gauteng Community Survey of 2016 (StatsSA, 2018b) indicated that 81.3% of residents of 
the CoJ stay in a formal dwelling, 18% in a shack, 0.1% in a traditional dwelling and 0.6% in 
another type of residence.  The General Household Survey (StatsSA, 2018a) recorded 
residence types for Johannesburg as a formal (75.1%), informal (21.7%), traditional (0.1%) and 
other (3.2%).  When the formal types of housing are combined for this study, 89.1% of 
respondents stayed in formal housing.  This is 14% higher than the results of the General 
Household Survey (StatsSA, 2018a) and 7.8% higher than the Gauteng Community Survey of 






Figure 5.6:  Residence type of respondents. 
The number of people per household were grouped into three categories – 35.2% of 
households recorded one to three people, 46.1% four to five people and 18.7% six or more 
people per household.  When the number of people per household of the Gauteng 
Community Survey of 2016 (StatsSA, 2918b) are grouped in the same way, the number of 
people per household are different than those of this study.  The survey indicated that 68.1% 
of households had one to three people, 22.4% four to five people and 9.4% six or more people 
per household.  A reason for this difference might be that almost a third (30.5%) of the 
respondents were students that often stay in student or private residences or in a commune 
that in Johannesburg usually consists of a large number of rooms.  There are many tertiary 
institutions in Johannesburg such as universities, private colleges and specialist institutions 
and the students that participated in this study where from such tertiary institutions. 
The socio-demographic variables discussed in this section were used to determine if there is 
any association between these variables and recycling behaviour (Section 5.11).  The next 
sections examine respondents’ awareness of problems associated with solid waste, followed 
by their knowledge of the benefits of recycling. 
5.2 Awareness of problems associated with solid waste 
Respondents were asked to indicate their awareness of environmental problems associated 




two-thirds of the respondents (66.4%) rated themselves as being aware and very aware of 
environmental problems associated with solid waste.  Only 4% indicated that they are not 
aware of environmental problems associated with waste.   
Table 5.1:  Awareness of environmental problems associated with solid waste. 
Awareness Frequency Percentage 
Not aware at all 41 4.0 
Slightly aware 96 9.4 
Neutral 205 20.1 
Aware 411 40.4 
Very aware 266 26.0 
 
Thus, the residents of Johannesburg are well aware of the problems associated with waste, 
but there is definitely room for improving their knowledge and awareness of the impacts 
associated with solid waste as discussed in Section 2.4.  This view is shared by Wang et al. 
(2018) that improving residents’ environmental awareness regarding the impacts of solid 
waste can effectively promote separation of household waste for recycling. 
5.3 Knowledge of the benefits of recycling 
Nine statements regarding the benefits and issues of recycling were given to respondents and 
individuals had to select one category from Strongly Disagree (SD), Disagree (D), Neutral (N), 
Agree (A) to Strongly Agree (SA). The following values were assigned to the different 
categories:  SD = 1, D = 2, N = 3, A = 4 and SA = 5 that allowed for the calculation of the mean 
and standard deviation. The frequency (%), the mean and standard deviation (StdDev) of the 
nine statements are presented in Table 5.2. Cronbach’s alpha (α) is also indicated in the table 
to show the scale’s internal consistency. Ideally Cronbach’s alpha coefficient should be above 
0.7 (Pallant, 2013).  With all α values ≥ 0.7, it indicates a good internal consistency.  
Respondents have a good understanding of the benefits and issues associated with recycling.  
The best agreement was for the need to educate people on recycling, with 78.2% strongly 
agreeing with this statement.  On the other hand, only 5.9% of respondents strongly agreed 
that people know about the benefits of recycling.  The respondents are thus of the opinion 




recycling.  Both statements can be linked to education and awareness of recycling – more 
specifically on the need to be educated on how to recycle and why (the benefits).   
Table 5.2:  Agreement on statements regarding recycling. 
Statement SD (%) D (%) N (%) A (%) SA (%) Mean StdDev α 
Recycling reduces pollution 
 
0.9 1.3 7.4 26.0 64.5 4.52 0.763 0.798 
Recycling saves landfill space 
 
0.9 1.6 8.8 28.9 59.8 4.45 0.791 0.798 
Recycling conserves natural 
resources 
0.8 1.6 10.5 28.1 59.0 4.43 0.805 0.792 
Recycling improves 
environmental quality 
1.0 1.4 8.2 28.6 60.8 4.47 0.785 0.794 
Recycling provides job 
opportunities 
1.4 2.9 14.2 27.4 54.1 4.30 0.914 0.806 
Recycling saves energy 
 
1.6 4.1 19.6 33.1 41.6 4.10 0.952 0.807 
People know about the benefits 
of recycling 
16.3 36.6 36.4 4.9 5.9 2.48 1.01 0.877 
People need to be educated on 
recycling 
0.4 1.0 3.3 17.1 78.2 4.72 0.614 0.824 
It is important to recycle 
household waste 
0.9 1.0 7.5 25.6 65.0 4.53 0.753 0.803 
 
Sections 5.2 and 5.3 showed that respondents are aware of the problems associated with solid 
waste and agree on the benefits of recycling.  The next section investigated residents’ 
awareness of the S@S programme, as well as the city by-law on recycling. 
5.4 S@S programme and recycling by-law awareness 
Two questions in the questionnaire investigated the S@S programme (as discussed in Section 
3.1.4).  The first question asked respondents if the S@S programme was available in their 
suburb, and the second question if they will participate in a programme if it becomes available 
in their residential area.  The results of the first question show that more than a third of 
respondents (38.7%) did not know if the S@S programme is available in their suburbs (Figure 
5.7a).  If residents are not aware of a recycling programme in their area, there is a high 
probability that they would not recycle.  With such a relatively large number of residents not 
aware of the S@S programme, the CoJ must extend their education and awareness campaigns 
of this programme, especially since 74.6% indicated that they will participate in the S@S 




results of Section 5.3 where residents strongly agreed that they must be educated on 
recycling.  Only 4% indicated that they will not participate in a recycling programme. 
 
(a) Awareness of S@S programme   (b) Willingness to participate in the S@S programme 
Figure 5.7:  Awareness and willingness to participate in the S@S programme. 
There is thus an overwhelming willingness to separate household waste for recycling in 
Johannesburg.  Similar findings were recorded in the study conducted by Mbida (2014) in 
Mombasa, Lusaka and Bulawayo.  In this study, residents of all the three cities reported a very 
high willingness to participate at source separation of waste before collection and disposal – 
with over 90% recorded for Bulawayo (Mbida, 2014).  In Abadan (Iran), Babaei et al. (2015) 
concluded that 94.3% of respondents were willing to participate in source separation plans.    
A great concern is that a huge number of respondents were not aware of the CoJ by-law that 
made participation in recycling compulsory as from 1 July 2018.  As discussed in Section 3.1.4, 
it is compulsory for residents that reside in areas where the S@S programme is operational, 
to separate both their dry and garden waste from this date.  The findings showed that three-
quarters (75.9%) of respondents were not aware of this by-law.    
Even though there is a very keen willingness to participate in recycling, knowledge and 
awareness of recycling and the S@S recycling programme and that it is compulsory to 
participate, are lacking.  The CoJ must therefore increase its efforts to promote the S@S 
programme and how to participate effectively.  Clearly, willingness to separate waste at 
source does not mean that respondents will go to the effort to find out if there is a recycling 
programme in their area.  As Barr et al. (2003:416) state “there was no notion of responsibility 
on behalf of the resident to ‘find’ the information” and that “the respondent clearly placed 




















a kerbside collection programme in Exeter (UK).   This is clearly also the case for residents of 
Johannesburg.   
Some of the comments of respondents regarding education and awareness of recycling 
indicated such need to be educated and made aware of the benefits of recycling.  Below is the 
recommendation of two respondents.  The first indicated the need to have more information 
regarding the S@S source programme, while the second called for a simplified recycling 
programme.    
“Be more clear of what to recycle and inform me how the system works. E.g where do 
I get the bays, when do they collect it, where do I have to take it”. 
“Make simple pamphlets to indicate simple strategies to recycling and educate us how 
to do recycling.  If a recycling programme is too complex, it would discourage people 
to do recycling.” 
Another respondent commented on whose responsibility it is to separate waste and why 
education is needed: 
“Although waste is collected every week, I don’t think it’s the municipalities 
responsibility to separate waste products. However, not many people are educated on 
recycling and how to distinguish between recyclable and non- recyclable waste.” 
Lastly, some respondents commented on not only education on recycling, but also connected 
the need for education to destigmatise recycling in general.   
 “Teach people that not everyone who recycles is poor, dirty or crazy.” 
“I think they can educate people more about recycling, the benefits and its importance. 
They can also educate people to be less stigmatic because a lot of people would recycle 
if people didn't think of it as a job for the poor, homeless or dirty.” 
As discussed in Section 3.1.3, waste pickers play an important role in the recycling economy 
in South Africa and make a valuable contribution.  Unfortunately, they are often considered 
as dirty, poor, homeless and go unrecognised for their contribution and are ignored by city 
planners – and some of these perceptions came to the fore in the comments above.  






5.5 Waste pickers in recycling 
According to Dias (2016), informal waste pickers can be called green economic workers as 
their efforts have made the recycling rates in some developing countries competitive with 
those of developed urban systems.  The informal waste pickers collecting recyclables from 
households are known as trolley pushers in Johannesburg and is a notable feature in the 
streets of the CoJ (Schoeman, 2018).  Nkosi & Muzenda (2013) state that waste pickers are 
the main participants in the recycling of households’ waste in South Africa.  Both at national 
level and in the CoJ, there are efforts to integrate waste pickers into the formal economy.  
However, this is proving to be a complex and difficult process due to the informal and 
unregulated nature of waste picking, resistance to integrate into the formal economy and a 
large number of waste pickers being undocumented foreign nationals (Schoeman, 2018).   
As waste pickers are already part of the recycling taking place in Johannesburg, respondents 
were asked three questions regarding waste pickers.  The first question asked if they have 
noticed waste pickers operating in their residential areas.  Surprisingly, 9.5% of respondents 
indicated that they have not noticed waste pickers operating in their area.  As waste pickers 
often collect recyclables very early in the morning before waste is collected by Pikitup, this 
might explain why their work goes unnoticed.  The next question asked respondents if they 
object to waste pickers collecting recyclables in their area (Figure 5.8a), and the last question 
tested their support in formalising the role of waste pickers (Figure 5.8b).  
 
(a) Objection to waste pickers     (b) Support for formalising waste pickers 




More than three-quarters (76.2%) do not object to waste pickers collecting recyclables in their 
area.  Interesting to note that there was somewhat lower support (73.1%) for the 
formalisation of the role of waste pickers.  Overall, residents of Johannesburg are aware of 
waste pickers, do not object to them collecting recyclables in their area and support the role 
waste pickers in recycling.  These viewpoints came to the fore in comments by respondents.  
There were calls to provide waste pickers with the necessary equipment and give them the 
recognition they deserve. 
“Assist waste pickers by providing them with necessary equipment they will need.” 
“Provide awareness about recycling and formalise waste pickers or provide them with 
necessary working equipment such as safety clothing.” 
“Recognition of those already making a living of recyclables.” 
“They have to educate people as well as considering the street waste pickers in the city 
since they are the ones that play a major role in recycling and collection of waste.” 
“Formalise the recycling industry so that the waste pickers get salaries for what they 
do and get necessary clothing.” 
One respondent was concerned that a recycling programme might negatively affect waste 
pickers and stated: 
“I am concerned about the waste pickers who will lose their source of income to earn 
a living.” 
Therefore, the contribution of waste pickers in recycling household waste and their positive 
role in recycling programmes should not be discarded.  City planners and policymakers in 
Johannesburg should give them recognition and support waste pickers’ efforts in the S@S 
programme by creating inclusion programmes for waste pickers as proposed by Marello & 
Helwege (2017).  Research conducted by Navarrete-Hernandez & Navarrete-Hernandez 
(2018) found that the performance of waste pickers is affected by the policy environment in 
which they operate and that government support improves the performance of waste pickers 
– and thus increase recycling rates.   
Section 5.1 – 5.5 examined the demographics, awareness of problems associated with solid 
waste, knowledge of the benefits of recycling, awareness of the S@S programme and the 
views of respondents regarding waste pickers.  The question thus arises:  Do residents in 




5.6 Recycling participation 
Respondents were asked if they separate household waste such as plastic, paper, metal, etc.  
and the results are shown in Figure 5.9.  Less than half (47.1%) indicated that they separate 
household waste for recycling.  Schoeman & Schmidt (2016) investigated recycling behaviour 
in selected suburbs in Johannesburg and found that 42.8% of respondents separated waste at 
source.  Since then, there was only a 4.3% increase in recycling participation.  However, 
recycling participation in this study is notably higher than the reported 31.4% (Figure 3.4) that 
was recorded for Johannesburg in the General Household Survey 2018 by StatsSA (2019e). 
 
Figure 5.9:  Participation in recycling. 
The latest figure available on participation in the S@S programme were 19.9% in 2016 
(Pikitup, 2016).  Thus, recycling participation figures in the CoJ range from 19.9% to 47.1%.  As 
discussed in Section 2.7.1, waste data is often unreliable and contradicting and the data 
collection systems are ineffective (DEA, 2011b; DEA, 2016a; GDARD, 2017).  The results of this 
study when compared with other studies and official statistics, confirm that data on recycling 
participation in Johannesburg are contradicting each other.  The planning and implementation 
of waste management services and recycling programmes are fraud with challenges if 
accurate and reliable data are not available.      
The respondents that recycled were also asked to choose one of three options that describes 
their recycling behaviour.  These options were: ‘I recycle everything that can be recycled’ 
(23.6%), ‘I recycle a lot, but not everything’ (38.0%) and ‘I recycle small amounts’ (38.4%) 
(Figure 5.10).  However, if these figures are calculated using the total number of respondents, 





Figure 5.10:  Amounts that are recycled by recyclers. 
Martin et al. (2006) in their study in Burnley (UK), identified three levels of recycling 
participation – non-recyclers, casual recyclers (those who recycled some items) and full 
recyclers.  Their results showed that over half (55%) of the respondents were casual recyclers, 
27.5% were full recyclers and 17.5% did not recycle.  Using this same classification for this 
study, only 11.1% of respondents in Johannesburg were committed recyclers (full recyclers), 
36% can be considered casual recyclers and 52.9% as non-recyclers.   
Recycling in developed and developing countries were discussed in Sections 3.1.1-2.  The top 
ten countries (Figure 3.1) are dominated by European countries and recycling rates were 
between 34% to 56%.  In Malaysia, a 24.6% recycling rate was recorded in 2017 (Tiew et al., 
2019).   Thang (2017) reports that 8 – 12% of MSW waste is recycled in Hanoi (Vietnam), while 
Khayamabshi (2016) gives the recycling rate for urban Iran as 20%.  In Dhaka (Bangladesh), 
Afroz et al. (2010) concluded that 25.6% of residents recycled regularly – and this is in the 
absence of any convenient recycling network.  Thus, the recycling rate in Johannesburg in this 
study compares unfavourably with other developing countries – especially in the presence of 
a recycling programme that has been in operation for more than a decade.  Strydom (2018a) 
conducted a study that investigated South African households’ recycling behaviour and found 
that only 4.0% of the respondents were full recyclers. Even though the recycling rate in this 
study were lower than in other developing countries, there were more committed recyclers 






This section examines the reasons for separating waste for recycling, items that are recycled, 
disposal and collection of recyclables and person responsible for recycling.   
5.7.1 Reasons for recycling 
The reasons why respondents participated in waste separation at source are shown in Table 
5.3.  Respondents could choose multiple options in this question.  The reason with the highest 
response was ‘To protect the environment’ (80.6%), followed by ‘It is the right thing to do’ 
(60.1%) and ‘To conserve natural resources’ (51.3%).  About 5% (i.e. 4.7%) or respondents 
indicated that they do not know their reasoning for participation in recycling.  Under ‘Other’ 
five of the 14 respondents indicated that they recycle to either earn money from recycling or 
to save money. 
Table 5.3:  Reasons for household waste separation. 
Reason Frequency Percentage 
To protect the environment 374 80.6 
To conserve natural resources 238 51.3 
To save energy 195 42.0 
To safe landfill space 226 48.7 
It is the right thing to do 279 60.1 
I do not know 22 4.7 
Other 14 3.0 
 
Similar results were obtained by other studies that investigated motivations for participating 
in recycling.  Halvorsen (2012) found that households participate in recycling because they 
belief that recycling is good for the environment and that it is a civic duty.  Corsini et al. (2018) 
showed that awareness of the consequences of not participation in recycling, is a driver of 
households to recycle.   
5.7.2 Items that were recycled 
The most commonly items that are separated from household waste are plastics, paper, glass 
and metal (Schultz et al., 1995; Miafodzyeva et al., 2013; Miliuite-Plepiene et al., 2016; Zhang 




plastics (89%) the most recycled item, followed by paper (68.1%), glass (57.1%) and metal 
(38.5%).  Other recyclables that were recycled included jewellery and clothes. 
Table 5.4:  Items that were recycled. 
Item Frequency Percentage 
Plastic (bottles, containers, etc.) 430 89.0 
Paper (newspapers, cardboard, etc.) 329 68.1 
Glass (bottles, jars, etc.) 279 57.1 
Metal (tins, cans, etc.) 186 38.5 
Organic waste (grass, peels, etc.) 109 22.6 
E-waste (cellphones, fridges, etc.) 60 12.4 
Batteries 74 15.3 
Light bulbs 21 4.3 
Used motor oil 42 8.7 
Broken household items 96 19.9 
Building rubble 42 8.7 
Other 6 1.2 
 
Areas of concern are the low recycling rates of light bulbs (4.3%) and e-waste (12.4%).  Several 
harmful and toxic substances occur in light bulbs.  Such substances include mercury in 
fluorescent light bulbs to lead and arsenic in light emitting diode bulbs (Ogunseitan et al., 
2013).  E-waste (electronic and electrical waste) is the fastest-growing waste stream in the 
world (Forti et al., 2020), and in South Africa the growth of e-waste is three-times the rate of 
solid waste.  Lydall et al. (2017) estimated that only 11% of e-waste is recycled in South Africa 
and the result of this study confirms this estimation.  Both light bulbs and e-waste contain 
valuable materials that can be used as a secondary source of raw materials, but also contains 
hazardous elements.  Thus, the low recycling rate of light bulbs and e-waste in this study 
indicates that valuable material are lost and that disposal of these items in general waste can 







5.7.3 Disposal and collection of recyclables 
This section of the questionnaire investigated how items are recycled – either involving the 
respondent to travel to dispose of recyclables, or recyclables being collected from households.   
Travel to dispose, distance travelled and frequency  
Almost half (43.1%) of respondents indicated that they travel to dispose of their recyclable 
items.  It is important to note that often these residents also make use of other methods, such 
as putting recyclables out for waste pickers to collect.  As one respondent noted: 
“It depends on what I am recycling, what method I use.  If it is heavy stuff such as glass, 
I take it to the bins at my local shop.  Otherwise I put it out for the waste pickers.” 
The most used method of disposal was using recyclable bins located at a local shopping 
centres (16.7%), followed by a Pikitup garden sites (8.0%) and recycling buy-back centres 
(4.3%).   
Distance to the nearest recycling facility is a key factor of participation in recycling (Strydom, 
2012b; Struk, 2017; Geiger et al., 2019).  Viljoen et al. (2012) propose that recycling facilities 
should be within a two to five km radius relative to the location of residences.  This proposal 
is reflected in the distance respondents travelled to dispose of their recyclables (Figure 5.11).  
More than half (54.4%) travelled between two and five km, while only 9.6% travelled 11 km 
or more.   
 




The majority of respondents travelled once a month (43.4%) to dispose of recyclables (Figure 
5.12).  This was followed by once a week (24.1%).  Under ‘Other’ a variety of timeframes were 
recorded – from every day to “when the bin is full, maybe once a year”.   
 
Figure 5.12:  Frequency of travel to dispose of recyclables. 
As stated before, the S@S programme is only available in certain suburbs in Johannesburg 
and it involves the use of private companies to collect recyclables from households.  The next 
sub-section reports on the collection of recyclables from households. 
Collection of recyclables and satisfaction with service provider 
The majority of recyclables (31.1%) collected from households was part of the S@S 
programme.  This was followed closely by recyclables collected by waste pickers (28.7%) and 
10.4% was collected by private companies.  Again, respondents made use of more than one 
method.  As one respondent noted: 
“I put my recyclable out for the waste pickers to collect; but sometimes travel to the 
recycling site.” 
In their study conducted in Dainfern and Lonehill (two middle- to high-income suburbs located 
in the northern parts of Johannesburg), Okonta & Mohlalifi (2020) found that most residents 
prefer to let the informal waste pickers deal and separate recyclables from the wheelie bin 




Making use of different methods are also the experiences of the researcher in the suburb she 
resides.  The S@S programme is not available in the suburb and surrounding suburbs 
(Randpark Ridge and extensions).  Since becoming a resident of Johannesburg in 1998, 
recyclables were put out for waste pickers to collect on the waste collection day (Thursdays).  
In 2003, Mondi Recycling started with a kerbside collection programme in Randpark Ridge and 
handed out orange bags for paper and cardboard and did a weekly collection on Wednesdays.  
The orange bags were replaced by green MPact Recycling bags in 2014 and the collection of 
paper and cardboards continued until December 2019 when the kerbside household 
collection programme was terminated.  Thus, the researcher recycled paper and cardboard 
via the kerbside collection programme and all other recyclables were put out for waste 
pickers.  
The termination of the programme was not well communicated to residents.  Observations 
made by the researcher showed that residents continued putting out paper and cardboard 
for collection well into February 2020.  A private company started collecting all recyclables in 
the greater West Rand-area from January 2020 on a bi-weekly basis.   As this service collects 
all recyclables, this programme is in direct competition with the waste pickers that had been 
operating in the area for more than 20 years.  In personal communication with waste pickers 
operating in Randpark Ridge and messages posted on the Whatsapp group created by the 
private company, there is ongoing conflict between the two parties regarding collection of 
recyclables.  Such conflict is not only limited to private companies collecting recyclables, but 
also with the S@S programme as Schoeman (2018) noted.  The ‘competition’ over recyclables 
resulted in a physical confrontation between the private company and waste pickers as 
indicated on the Whatsapp group by the owner of the company:   
“Good day all, yesterday our driver and crew was attacked and thrown with glass 
bottles whilst collecting the recyclables in Wilropark. Going forward we will review the 
situation in the areas and decide from there on if we will continue.”  
“Everyone is fine thanks just very shaken. They were attacked by the informal recyclers. 
We moved on to the boomed areas and complexes as that was still safe for them to 
collect.” 
Within a very short time period, waste pickers became aware of the private company’s day of 





 “Regrettably informals took all the non-paper recyclables earlier.” 
“I went outside now and it’s already all been taken by informal bin pickers.” 
“Looks like the informals have already taken my stuff away so no need to visit us 
today.” 
The lack of regulations and policies regarding both the waste pickers and private recycling 
companies from the CoJ creates a conflicting and confusing environment in the collection of 
recyclables.  Residents that would have participated in recycling or did participate, do not 
recycle as there is uncertainty about the weekly collection of and irregular collection of 
recyclables.  One respondent had this comment regarding this point: 
“However because I have had three other service providers in the past who would 
sometimes come and sometimes not and then the recycling stuff gets picked up by informal 
collectors who leave some take others, I stopped recycling. Many other people around me 
are keen to recycle but not keen on having rubbish at the gate until it is eventually picked 
up.” 
The dissatisfaction voiced above was also expressed by respondents.  Respondents had to rate 
their satisfaction of the collection of recyclables (whether by a company or waste pickers) on 
a five-point scale ranging from very satisfied to very dissatisfied (Figure 5.13).  The majority 
(73.1%) were dissatisfied or very dissatisfied with the service provider that collected 
recyclables.  Only 6% of respondents indicated satisfaction with the service provider.  Babaei 
et al. (2015), reports similar results in their study of Abadan (Iran) with 72.3% of respondents 
unsatisfied with the collection system. 
 


























Dissatisfaction with private companies that collects recyclables, including the S@S 
programme, centred around the irregular collection of recyclables.   The Martin et al. (2006) 
study found similar results – householders are very willing to participate in recycling, but 
recycling services are too unreliable and inconvenient for comprehensive participation.  One 
resident also made the following observation regarding the S@S programme: 
“I recycle and separated the materials but Pikitup would combine the material with the 
rest. Although I've done my part, it is pointless if they are still going to mix the 
materials.” 
The major dissatisfaction expressed around waste pickers was the ‘mess’ they made after 
sorting through the waste bins to get the recyclables.  Some comments in this regard were as 
follows: 
“After the waste pickers sorted out their items they leave our bins open and the place 
untidy.” 
“Recyclers litter in front of the gate after collected what they want and trashing the 
place.” 
More than two-thirds (68.8%) of residents put recyclables out for collection on a weekly basis 
(Figure 5.14).  This was followed on a bi-weekly basis (12.3%) and under ‘Other’ the frequency 
indicated was once every two months.  
 
Figure 5.14:  Frequency of putting out recyclables for collection. 
The weekly collection of recyclables was the preference of the majority of respondents.  This 
also came to the fore in comments made by residents.   
“Provide a more consistent and weekly based collection programme.” 












“They should collect recyclables in every area once a week. It establishes a pattern, 
awareness and responsibility. It is far more economical if a service is available once a 
week for the entire neighbourhood.” 
One respondent even indicated the willingness to pay for such weekly collection service.  
“If they provided the bags or bins and collected it weekly with the normal rubbish- I 
would pay for the service.” 
Based on the frequency respondents put out recyclables for collection and comments made, 
a weekly collection of recyclables is the preferred option.  At the time of the study 
respondents that put out recyclables for collection were dissatisfied with the service provider.  
Thus, for a recycling programme to be successful in Johannesburg, regular weekly collection 
must take place.  If not, residents will not participate or stop participation in recycling 
programmes. 
Person responsible for recycling 
Pakpour et al. (2014) propose that households allocate the responsibility for recycling to a 
specific family member(s).  Figure 5.15 shows in the majority of the households (40%), it was 
the responsibility of all household members to separate waste for recycling.  This was 
followed by mother (22.5%), father (12.4%) and even children (9.6%) and domestic workers 
(9%) who separated household waste for recycling.  Under ‘Other’ one respondent listed 
‘grandmother’ and seven households had only one resident and therefore indicated that they 
are the only individual that recycles. 
 



















This section investigates the behaviour of respondents that did not recycle.  Reasons for non-
participation and the use of fines to increase recycling participation are discussed. 
5.8.1 Reasons for non-participation 
Reasons for not separating waste should be investigated in recycling programmes so that 
planners and policymakers could use such information to adapt the programme and take it 
into account when expanding or developing recycling programmes.  The two main reasons for 
not participating in separating waste were ‘I do not have time to sort out recyclables’ (36.5%) 
and ‘I do not have space to store the recyclables’ (33.6%) (Figure 5.16).  The findings are in 
agreement with the most consistent reasons given in other studies for non-participation in 
recycling.  The two main reasons are that recycling is too time-consuming (Halvorsen, 2008; 
Afroz et al., 2010; Banga, 2011; Strydom, 2012b; Owusu et al., 2013; Czajkowski et al. 2014) 
and lack of space to store recyclables (Furedy & Lardinios, 2000; Strydom, 2012b; Tonglet et 
al., 2014; Afroz et al., 2010; Banga, 2011; Owusu et al., 2013; Czajkowski et al. 2014; Mbida, 
2014; Babaei et al., 2015). 
 
Figure 5.16:  Reasons for not participating in recycling. 
The third reason given by respondents were ‘I first need more information on what is 
recyclable or not’ (32%) followed by ‘Too much effort’ (19.1%).  Under ‘Other’ respondents 




and one respondent wrote “Laziness and ignorance”.  Comments of respondents mostly 
addressed the lack of space and the time recycling consumes.   
“I would definitely recycle if it was easier, less time consuming.” 
“I do not have time to be sorting out the recyclables at home.” 
“The city must provide wheelie bins as most people do not have space to store the 
recyclables.” 
“Each block in an area should have big recycling bins to be accessed by the public 
because staying in a flat you need to take out rubbish daily because there is no space 
to store it.” 
The last comment also came to the fore in the studies conducted by Owusu et al. (2013) and 
Furedy & Lardinios (2000) with conclusions that crowded dwellings, like a block of flats, have 
significant space constraints.  Other reasons found in the literature for not recycling are not 
being convinced about the usefulness of separating household waste for recycling (Banga, 
2011; Czajkowski et al. 2014), it is a dirty job (Banga, 2011; Strydom, 2012b), it is too expensive 
(Afroz et al., 2010; Czajkowski et al. 2014), not enough information about where to recycle 
(Barr et al., 2003; Babaei et al., 2015), lack of ready market for recyclable waste (Banga, 2011), 
not having easy access to recycling bins (Babaei et al., 2015) not being able to afford separate 
bins for recycling (Banga, 2011; Mbida, 2014), lack of proper municipality services (Babaei et 
al., 2015) and lack of incentives (Afroz et al., 2010; Mbida, 2014; Babaei et al., 2015).   
In the study of South African recycling behaviour, Strydom (2018a) found the top three 
reasons to be no time, lack of knowledge and insufficient space – which are the same reasons 
given in this study.  Therefore, the results with such a high percentage of respondents 
selecting these three reasons, suggest that a combination of these factors hinders households 
to participate in recycling. 
5.8.2 The use of fines to increase recycling participation 
As stated before, from 1 July 2018 Johannesburg made it mandatory for households to 
separate household waste in areas where the S@S programme operates.  Currently there are 
no penalties, but the Member of the Mayoral Committee (MMC) for Environmental Affairs of 
the CoJ also stated if residents do not comply, fines might be imposed on non-recyclers.  A 




known approach to change behaviour is the ‘carrot or stick’ approach.  The ‘stick’ aims to 
force changes in behaviour by waste generators incurring extra costs, while the ‘carrot’ 
provides positive financial encouragement (Wilson, 1996).  Respondents were asked if they 
would recycle if there is a possibility that they can be fined for not separating their household 
waste.  Almost three-quarters (71.1%) of respondents indicated that they would recycle, 9.9% 
said no and 19% were unsure (Figure 5.17). 
 
Figure 5.17:  Recycle if there is a possibility of a fine. 
Nguyen et al. (2015) in their study in Hanoi (Vietnam) state that 72% of households surveyed 
were willing to pay a monetary fine for violation of the waste separation programme.  
Although fining residents will not be a popular policy instrument in Johannesburg – both from 
the residents’ perspective and local government, it is an instrument that can be considered.  
Some residents expressed the opinion that fines should be used as a measure to increase 
recycling participation. 
“Fines must be set aside for people not recycling.” 
“There must be strong rules such that if anyone breaks these rules, a fine must be paid 
or any other equivalent punishment.” 
“For people who do not comply fines should be charged in order to reduce the non-
compliance.” 
Rewards and incentives are measures often suggested by researchers to increase recycling 
participation (Koford et al., 2012; Amini et al. 2014; Bergeron, 2016; Struk, 2017).   
Respondents also suggested that rewarding residents that recycle would have a positive 




“There should be rewards to those who recycle because there are only a few people 
who recycle.” 
“Ensure people are rewarded for recycling.” 
“Give people who recycle a reward.” 
“The CoJ must make recycling more rewarding for the residents.” 
5.8.3 Recycling facilities and willingness to travel 
According to Latif et al. (2013) and Wang et al. (2018), residents will actively engage in 
recycling when more facilities are provided.  The convenience of such facilities is also effective 
at promoting participation in recycling (Meng et al., 2019).  In his study in the Czech Republic, 
Struk (2017:160) concluded that the willingness of residents to recycling can be “defined as a 
function of the perceived availability/distance to the nearest separation site”.  Therefore, non-
recyclers were tested on their knowledge of recycling facilities in their area, use of such 
facilities and their willingness to travel to such facilities. 
Non-recycling respondents were asked if they were aware of any recycling facilities in their 
area.  An overwhelming 74.6% indicated that they are not aware of any recycling facilities.  A 
quarter (25.4%) were aware but did not make use of it.  The next question investigated if 
respondents would make use of these facilities if they knew where recycling facilities were 
located (Figure 5.18).   
 
Figure 5.18:  Making use of recycling facilities. 
The majority (63.1%) of respondents indicated that they would participate in recycling if they 




close to residents.  As stated above and before, distance to the nearest recycling facilities is a 
key factor of participation in recycling (Strydom, 2012b; Viljoen et al., 2012; Struk, 2017; 
Geiger et al., 2019).  Therefore, the CoJ should inform residents of the recycling facilities 
available in their area – both those operated by Pikitup and private companies.  As Barr et al. 
(2003) and Sidique et al. (2010) observed, local waste knowledge and being familiar with 
locations of recycling facilities, result in more visits to such facilities and increase recycling 
rates.  As discussed in Section 5.4, previous studies showed that there was no notion of 
responsibility of residents to find the information regarding recycling and the expectation 
exists that the local government should provide such information (Barr et al., 2003; Babaei et 
al., 2015). 
The distance respondents were willing to travel to make use of recycling facilities were also 
tested (Table 5.5.).  The majority of respondents (58.4%) were willing to travel up to five km 
to a recycling facility.  This result confirms the proposal by Viljoen et al. (2012) that recycling 
facilities should be within a five km radius.  Just more than a quarter (26.3%) indicated that 
they are not willing to travel to make use of recycling facilities.   
Table 5.5:  Willingness to travel to recycling facilities. 
Distance Frequency Percentage 
0 – 5 km 295 58.4 
5 – 10 km 40 7.9 
10+ km 37 7.3 
Not willing to travel 133 26.3 
 
There can be various reasons for the willingness to travel and distance respondents are willing 
to travel.  One such reason might be the access to a private vehicle to transport recyclables.  
Less than a third (30.6%) of South African households own a vehicle (StatsSA, 2019e).  These 
reasons were aptly summarised by different respondents in the following manner.   
“City of Johannesburg should build an additional place that deals with recycling that is 
near to my place, because even I wish to do recycling I do not have money to travel to 
make use of recycling but I think if there will be places that are closer to my area maybe 
I would take part in recycling programs.” 
“Since the facilities dedicate to recycling are located far from township(s) that I reside 




facilities in and around townships. This would reduce transport costs, which also hinder 
many township residents from recycling.” 
With the low recycling rates recorded in the Pikitup annual reports, different scenarios were 
put to respondents to determine if it would increase their participation in recycling.  Even 
though 47.1% of respondents indicated they recycle, the results of this study showed that 
only 11.1% can be considered as committed recyclers.   It is therefore important to determine 
what measurements and knowledge could be used to shift casual recyclers to full recyclers 
and encourage non-recyclers to start recycling. 
5.9 Measurements and knowledge to increase recycling participation 
For both recyclers and non-recyclers different scenarios were put to them and they had to 
indicate if it will positively influence their recycling participation.  The respondents were also 
asked in an open-ended question what the CoJ must do to increase recycling participation. 
The information gathered can assist to increase recycling rates of respondents that recycle 
and to promote recycling participation for non-recyclers. 
5.9.1 Wheelie bins, recycling facilities and buy-back centres 
Three questions were put to respondents to determine if these would increase their 
participation in recycling or encourage them to start recycling (Table 5.6).  The provision of a 
wheelie bin (88.5%), recycling facilities (87.3%) and buy-back centres (78.4%) that are located 
closer to respondents were overwhelming identified as measures or interventions that could 
increase recycling of respondents that were recycling.  Similar responses were received from 
non-recycling respondents with 79.2%, 82.6% and 78.0% respectively.   
Table 5.6:  Access to wheelie bins, recycling facilities and buy-back centres. 
Scenario Recyclers Non-recyclers 
 Yes No Not sure Yes No Not sure 
Would you recycle/recycle more if a 
wheelie bin is provided? 
88.5% 3.3% 8.3% 79.2% 6.9% 13.9% 
Would you use recycling facilities if it were 
closer to your home? 
87.3% 4.3% 8.4% 82.6% 5.9% 11.5% 
Would you recycle/recycle more if you can 
sell your recyclables at a buy-back centre? 





Numerous studies showed that access to kerbside recycling (Barr et al., 2003; Halvorsen, 
2012; Strydom, 2012b; Struk, 2017), more facilities (Halvorsen, 2012; Latif el al., 2013; Struk, 
2017; Wang et al, 2018), providing bins for recycling (Jenkins et al., 2003; Fiorillo, 2013; Wang 
et al, 2018; Geiger et al., 2019)  and the perceived convenience of recycling (Sidique et al., 
2010; Struk, 2017; Meng et al., 2019; Rousta & Bolton, 2019) are measures that increase 
recycling participation.  The findings of this study showed similar results and the CoJ should 
incorporate it in the recycling programme.  The following quotations from respondents 
confirmed these points. 
“The bins would be an excellent start. I do think if there is a subsidized way for all 
households to get the bins we would be taking a huge step in the right direction.” 
“The municipality needs to provide resources such as trucks for deliveries, bins for 
separation of recyclable material.” 
“I would like the City of Johannesburg to create or bring recycling centers closer to 
people to make it possible to walk or drive to get to the waste recycling centers. 
Provision of wheelie bins could help people to engage in recycling as well.” 
“I would consider recycling if there were recycling bins available.” 
“Closer recycling facilities and wheelie bins.” 
In his study on the viability of buy-back centres (BBCs) in Johannesburg, Mogotsi (2009) found 
that to realise a net-profit of more than R30 000 per month, there must be more than 40 tons 
per month of recyclable waste received.  Viljoen et al., (2019) assert that BBCs have and can 
play a critical role in diverting recyclables away from landfills, play an important role in 
creating formal jobs, as well as providing opportunities for informal income generation.  They 
further state “The employment creation potential of BBCs and their role in alleviating poverty 
should not be underestimated and should be stimulated” (Viljoen et al, 2019:310).   
The majority of the respondents (78.4% of recyclers and 78.0% of non-recyclers) would make 
use of buy-back centres (Table 5.6).  As stated before, BBCs also play a crucial role in the 
informal waste sector as often waste pickers sell collected recyclables at BBCs (Viljoen et al., 
2012; Schoeman, 2018; Viljoen et al., 2019).  Thus, by creating an enabling environment for 
both residents and waste pickers to use BBCs, not only are recyclables diverted from landfills, 




Respondents were also asked if they would be willing to pay a once-off amount for a wheelie 
bin for recyclables (Table 5.7).  Non-recycling respondents (42.4%) were less willing to pay for 
a wheelie bin than recycling respondents (50.4%).  Just more than a quarter of both recyclers 
and non-recyclers were not sure if they would pay for a wheelie bin.   
Table 5.7:  Willingness to pay for a wheelie bin. 
Willingness Recyclers Non-recyclers 
 Frequency Percentage Frequency Percentage 
Yes 233 50.4 216 42.4 
No 103 22.3 152 29.9 
Not sure 126 27.3 141 27.7 
 
The CoJ, like most local governments in developing countries, do not have enough capital 
available to provide sufficient recycling facilities and infrastructure.  With some respondents 
willing to pay for a wheelie bin and 88.5% (of recyclers) and 79.2% (of non-recyclers) indicating 
they would recycle more if a wheelie bin is provided, it would be worthwhile for the CoJ to 
conduct a pilot project in selected suburbs.  In such pilot projects, residents pay a once-off 
amount for a wheelie bin to determine if this measure increases recycling participation.  As 
stated before, Johannesburg is a city with one of the highest levels of inequality in the world 
and therefore lower-income residents would not be in a situation to pay for a wheelie bin.  
However, middle- to high-income residents could afford a wheelie bin and as they consume 
more products and items, they generate more waste and there are also more recyclables 
available in their households. 
5.9.2 Knowledge needed to increase recycling 
Three questions tested the knowledge of the recyclability of items and recycling facilities 
(Table 5.8).  There is a dire need for such knowledge and 90.1% (of recyclers) and 85.6% (of 
non-recyclers) indicated they would like to know more on the recyclability of an item.   92.7% 
of recycling respondents and 89.4% of non-recycling respondents would prefer a recycling 
logo on an item.  From the responses, there is also a need to know where recycling facilities 





Table 5.8:  Knowledge needed to increase recycling. 
Scenario Recyclers Non-recyclers 
 Yes No Not sure Yes No Not sure 
Would you like to know more on whether 
an item is recyclable or not? 
90.1% 5.8% 4.1% 85.6% 6.9% 7.5% 
Would you prefer a recycling logo on 
items to know whether it is recyclable? 
92.7% 4.3% 3.0% 89.4% 5.3% 5.3% 
Would you like to know where recycling 
facilities in your area are? 
87.3% 6.0% 6.7% 85.4% 7.7% 6.9% 
 
The recyclability of items made of paper, glass and metals is fairly easy to determine.  
However, it is difficult and confusing to determine the recyclability of plastics if there is not a 
recycling logo on such items.  In South Africa two possible logos can appear on plastics items.  
The first is the polymer logo (Figure 5.19a) that is an international logo and code used to 
identify the various plastics for effective recycling.  The second is the recycling logo that 
indicates that the product is recyclable (Figure 5.19b).   
 
Figure 5.19:  Polymer logo and recycling logo (Adapted from PackagingSA, n.d.). 
The two logos look very similar and can be considered the first step in confusing the user on 
the recyclability of an item.  The well-recognized ‘chasing arrows’ of the polymer logo can 
easily be misunderstood as the recycling logo.  It is important to note that it is not a legislative 
requirement for the recycling logo to appear on items.  However, SANS (South African 
National Standards) 1728:2019 requires the marking and identification of degradable plastics 
with an accompanying polymer code but is not currently a compulsory standard.  Caboz (2019) 
notes: “Because this looks so similar to the recycle symbol, it’s a common misinterpretation 
that the packaging can be recycled in South Africa”.  A similar view also appears on the 
PackagingSA (n.d.) website: “Despite the popular misconception, the identification code does 




The polymer code (number) is the second step that can lead to uncertainty on the recyclability 
of an item (Figure 5.20).    Unless the user of an item is familiar with what the number means 
and knows that not all plastics are recyclable or even reusable, uncertainty accompanies the 
polymer code.  For example, #1 (polyethylene terephthalate plastics) should be recycled but 
not reused, while #3 (polyvinyl chloride plastics) is not recyclable.  To complicate matters, 
even if a plastic item is recyclable, not all recycling facilities accept all the recyclable plastic 
items.  #4 (low-density polyethylene plastics) is not accepted by all facilities.  As Wilson-Harris 
(2018) noted: “You need to check with your local collection service to see if they are accepting 
LDPE plastic items for recycling”.   
 
Figure 5.20:  Polymer codes (Wilson-Harris, 2018). 
The third step in creating confusion among consumers is the absence of a recycling logo.  
There are numerous plastic products and packaging on which the logo does not appear.  The 
polymer logo and code are designed to assist waste collectors and separators and not the 
consumer.  Therefore, in the absence of a recycling logo, doubt exists on the recyclability of 
items.  Figure 5.21 is a commonly used household cleaning product in South Africa.  Not only 
is there no recycling logo on the item and the logo that does appear (#22 PAP) is not a polymer 
code (indicated by yellow arrow). This is a recycling code that indicate paper and is applicable 







Figure 5.21:  A common household cleaning product without  
          polymer code and recycling logo. 
Another two issues to consider are deviation from the general recycling logo and the size of 
the logo.  Figure 5.22 shows a deviation from the recycling logo (indicated by yellow arrow).  
In relation to the overall size of the product and the labelling, this logo is small, difficult to find 
and read.  
 
 
Figure 5.22:  Deviation from the recycling logo. 
However, certain products and companies should be commended in assisting the consumer 
to determine the recyclability of an item.  Some well-known retail chains in South Africa 




(Figure 5.23a).  The recycling logo accompanies both the lidding film (logo crossed out) and 
the tray.  Both the logos and the wording are clearly visible and instructions to rinse before 
recycling encourages consumers to provide clean recyclables.  Figure 5.23b is an example from 
a long-life milk carton.  Again, the recycling logo and wording are clearly visible, and both the 
recyclability of the carton and the plastic cap are indicated. 
 
 




Figure 5.23:  Clearly visible recycling logos that provides sufficient 
           information on recyclability of items. 
The discussion above combined with the results of Table 5.8 indicate that the lack of 
knowledge on the recyclability of an item will hinder residents’ participation in recycling.  This 
viewpoint also came to the fore in the study conducted in Greece by Keramitsoglou & 
Tsagarakis (2013).  A problem identified by their respondents was their concern of the 
incorrect disposal of items.  Strydom (2012b:8) indicates that a third of her respondents do 
not participate in recycling as “They do not know what can and what cannot be recycled”. 
There is thus a need in Johannesburg (and in South Africa) to provide practical information on 
the recyclability of items.  By reducing such uncertainty, it will lead to familiarity and feeling 
comfortable to recycle and tends to increase recycling participation (Schultz et al., 1995; 
Sidique et al., 2010).   
5.9.3 Measurements to increase recycling participation 
In an open-ended question, respondents were afforded the opportunity to express their views 
on what the CoJ must do to increase recycling or get residents to participate in recycling.  A 




identified, and comments were classified under these categories.  The results of this are 
shown in Table 5.9 – ordered from the highest to the lowest. 
Table 5.9:  Measurements needed to increase recycling. 
Comment theme Frequency Percentage 
Education and knowledge 500 64.6 
Provision of wheelie bins 147 19.0 
Establish community recycling facilities 123 16.3 
Recycling bins in public places 107 13.8 
Campaigns and advertisements 66 8.5 
Incentives 54 7.0 
Weekly collection of recyclables 53 6.8 
Monetary incentives 52 6.7 
Make use of waste pickers 43 5.6 
Provision of plastic bags 35 4.5 
Create additional jobs 34 4.4 
Issue fines 25 3.2 
Make recycling easier 21 2.7 
Law enforcement 19 2.5 
Recycling logo on items 19 2.5 
Provide recycling infrastructure 19 2.5 
Community forums and input 19 2.5 
Establish buy-back centres 10 1.3 
Involve private businesses 8 1.0 
Dedicated organisations/people 5 0.6 
Provide feedback on progress 5 0.6 
Mobile recycling facilities 3 0.4 
Provide transport 2 0.3 
 
An overwhelming 64.6% of respondents that completed this question shared the view that 
education and knowledge about recycling would increase recycling participation.  Some of the 
comments of respondents in this regard called for both education on how to separate waste 
and the benefits thereof.  Their statements alluded that if they knew more about recycling 





“City of Johannesburg need to start programs which educates people about recycling.  
I have realised that only few people have knowledge about recycling in my 
community.” 
“Educate me more about recycling. We tend to overlook or turn down things we don’t 
understand and recycling is one of them.” 
“Maybe if I know the benefits of it, I may take interest in it but now am clueless and 
thus, not engage in recycling.” 
“Provide more information on recycling and educate people like me why it should be 
done. I personally do not know much and I never even paid that much attention until 
now. So maybe if we got more information and education on this matter, things could 
change for a lot of people.” 
“I would also recycle if there were facilities nearby. Provide enough information for me 
about what recycling is, how it benefits me and the environment.” 
Previous studies recommend increasing recycling and separation at source and this requires 
knowledge and information and education to increase environmental awareness.  As far back 
as the early 1990s, Oskamp et al. (1991) argued that positive recycling behaviour is about the 
specifics of recycling.  Vining & Ebreo (1990) stated that the greatest difference between 
people that recycle and do not recycle is their knowledge of collectable materials.  Schultz et 
al. (1995) found that knowledge about a recycling programme correlates with recycling.  More 
recent studies showed that lack of related knowledge and information about recycling hinder 
recycling participation (Babaei et al, 2015; Meng et al., 2019).  Zen et al. (2014:86) stated that 
“A person’s knowledge of the local recycling program, particularly what to recycle, is an 
important factor influencing recycling participation”.  Keramitsoglou & Tsagarakis (2013) 
concluded that knowledge and information can play an important role in increasing recycling 
participation.   
Section 5.9.1 discussed the use of wheelie bins, the willingness to pay for wheelie bins and 
access to recycling facilities in detail.  The importance of providing wheelie bins for recycling 
once again came to the fore and 19% of respondents recommended that providing wheelie 
bins would increase recycling rates.  In the comments section, 16.3% of respondents referred 
to recycling facilities that should be located within communities as the two quotes below 
show.  Recycling bins in public places came fourth with 13.8% of respondents recommending 




“It is a known fact that there already are recycling facilities out there but as a person 
who lives in the township those places are unfortunately far from my reach, in fact I 
don't know most or any of them. So what I believe the City of Johannesburg should do 
is at least have nearby centers around our communities.” 
“The recycling facilities must be established around townships and other informal 
settlements to promote recycling. In my case the facilities are approximately 20-25 
kilometers away from where I reside.” 
The use of promotion and education improved recycling rates and waste diversion from 
landfills (Sidique et al., 2009; Rhodes et al., 2014; Bergeron, 2016).  Wang et al. (2018) shows 
a positive correlation between publicity efforts and residents’ participation in recycling.  
Nearly 9% (i.e. 8.5%) of respondents recommended that recycling campaigns and 
advertisements would improve recycling in the CoJ.   
“Create an awareness, eg: TV ads to reduce the stigma around recycling. Put more 
posters to increase people's interest in recycling. We live in a more social network world 
so developing more awareness on social networks. Find a way to get the young people 
involved in such things and social networks would be a good platform to attract the 
youth.” 
“CoJ must promote recycling in a fun full way like to have recycling day.” 
“Advertise more on the local newspapers about recycling and how it must be done.” 
“City can use the media and social media, or advertising along freeways, public 
buildings, or stadiums.” 
Incentives (7.0%) and monetary incentives (6.7%) are further recommendations of 
respondents.  Struk (2017) found that an incentive program increases separation of waste, 
while Koford et al. (2012) showed that although for paying households a small nominal 
amount has some effect on increasing recycling, this effect is small.  In Malaysia, rewards and 
incentives for recycling had the reversed effect and respondents strongly opposed this (Tiew 
et al., 2019).  In their study in Kumasi (Ghana), Owusu et al. (2013) found that low-income 
households were less inclined to accept cash incentives than middle- or high-income 
households.  Some respondents of this study stated they want to be paid to recycle, while 
other suggested different incentives as the following quotes show. 
“The city must pay us for our rubbish. Then only will I recycle.” 
“I think they should create recycling systems with immediate rewards, like points you 
can buy data with. Something new and operating to the modern person.” 




“Allow tax rebates for individuals who participate in recycling.” 
The role of waste pickers in recycling in the CoJ were discussed in detail in Section 5.5.  5.6% 
of respondents recommended that the role of waste pickers be expanded and formalised to 
increase recycling rates.  In Section 5.7.3 respondents indicated that irregular collection of 
recyclables was a problem and that the majority put out recyclables on a weekly basis for 
collection.  Weekly collection of recyclables was also a recommendation of respondents 
(6.8%) in the comments section.  Other recommendations of respondents include providing 
plastic bags for recyclables to making use of mobile recycling outlets. 
5.10 Factor analysis:  Benefits of recycling 
A factor analysis was performed to identify the underlying knowledge factors of the benefits 
of recycling.  As explained in Section 4.2.4, earlier studies applied the same approach with 
motivation of recycling, different types of recycling activities and facilities (Bolaane, 2006; 
Ittiravivongs, 2012; Zen et al., 2014).  PCA is a multivariate data analysis technique that is used 
to reduce the number of variables and to detect groups of interrelated variables (Coleman, 
2010).   
PCA was performed on the nine statements regarding the benefits of recycling (Section 5.3) 
after it was determined that the dataset was suitable for factor analysis.  The KMO was 0.907 
exceeding the recommended value of 0.6, while the BTS test reaches statistical significance (p 
= 0.00 < 0.05).  The Kaiser’s criterion requires that only components with eigenvalues greater 
than 1.00 are retained for further investigation (Cramer & Howitt, 2004; Pallant, 2013).  The 
PCA analysis revealed the presence of only two components with an eigenvalue exceeding 1 
(Table 5.10).  Catell’s scree test were also used to determine the number of components for 
consideration (Figure 5.24) and the scree plot illustrated that there was a clear break after the 
second component.  Therefore, the nine statements were grouped into two components.  
Table 5.10:  Calculated eigenvalues (PCA). 
Component Initial eigenvalues Rotation sums of squared loadings 
Total % of 
variance 
Cumulative % Total % of variance Cumulative % 
1 4.372 48.583 48.583 4.372 48.583 48.583 






Figure 5.24:  Catell’s scree plot and eigenvalues (PCA). 
The two-component solution explained a total of 60% of the variance.  Component 1, named 
‘Recycling benefits’ explained 48.6% of the variance, while Component 2, named ‘Recycling 
knowledge’ explained 11.4% of the variance.  To assist in the interpretation of these 
components, oblimin rotation was performed and resulted in a certain pattern and structure 
matrix (Table 5.11).  The pattern matrix contains loadings that indicate the effect of a given 
factor in a specific item while at the same time controlling the other factors (Pett et al., 2003).  
On the other hand, the structure matrix is the zero-order correlations of items with the factors 
– where no factor is controlled (Pett et al., 2003).  Pett et al. (2003) indicate that when using 










Table 5.11:  Pattern and structure matrices. 









Recycling reduces pollution 
 
.801 -.080 .798 -.051 
Recycling saves landfill 
space 
.791 -.055 .789 -.026 
Recycling conserves 
natural resources 
.831 -.061 .829 -.031 
Recycling improves 
environmental quality 
.811 -.027 .810 .003 
Recycling provides job 
opportunities 
.693 .080 .695 .106 
Recycling saves energy 
 
.678 .141 .683 .166 
People know about the 
benefits of recycling 
-.002 .981 .034 .981 
People need to be 
educated on recycling 
.549 -.092 .546 -.072 
It is important to recycle 
household waste 
.718 .113 .722 .139 
 
The results in Table 5.11 and using the structure matrix showed that only one item ‘People know about 
the benefits of recycling’ loaded unambiguously on the ‘Recycling knowledge’ component with a 
loading of .981.  All the other items loaded on the ‘Recycling benefits’ component with loadings 
ranging from .546 to .829.  The highest loading was recorded for ‘Recycling conserves natural resources 
with .829.  This means that the component ‘Recycling benefits’ contributed 68.7% to this item. For 
‘People know about the benefits of recycling’ the ‘Recycling knowledge’ component contributes 96.2% 
of the variance in this item, and the ‘Recycling benefit’ component less than 1% (0.0012%).   
5.11 Influence of socio-demographic variables 
A variety of situational variables influence recycling behaviour as discussed in Section 3.4.2.  
In this section, the relationship between the socio-demographic variables of gender, age, race, 
employment status, education level, income level, residence type and household size and 
waste separation behaviour are presented.  Table 5.12 provides a summary of the socio-







Table 5.12:  Socio-demographic characteristics of respondents. 

























Employment Economically inactive 
Part- and full-time 
39.7 
60.3 




Income Lower (<R50 000 p/a) 
Emerging middle (R100 000 – R300 000) 
Realised middle (R300 001 – R500 000 





Residence Private house 
Complex, flat, estate, townhouse 













As explained in Section 4.2.4, a multivariate analysis using crosstabulation and chi-square test 
for independence were performed to determine if an association exists between the socio-
demographic variables and waste separation behaviour.  For each of the socio-demographic 
variables, two hypotheses were tested.  The null hypothesis is that no relationship exists on 
the categorical variables and recycling, while the alternative hypothesis is that a socio-
demographic variable significantly influences participation in recycling.  A p-value determines 
if there is a significant relationship between variables and a p-value of less than 0.05 indicates 
a significant relationship with a 95% confidence level.  The relationship between each socio-
demographic variable and recycling participation is discussed in the following sections.   
5.11.1 Gender 
The cross tabulation (Table 5.13) shows that there is no significant difference in the 
participation in recycling between the genders.  There is only a 1.7% difference between the 




Table 5.13:  Gender and recycling. 
Recycle Female (%) Male (%) 
Yes 47.9 46.2 
No 52.1 53.8 
 
The following hypotheses were tested: 
 H0: There is no association between gender and participation in recycling. 
 Ha: Gender influences participation in recycling. 
The results of the chi-square test for independence were χ2(1) = .29, p = .59, phi = .017.  Thus, 
there is no association between gender and separating household waste for recycling and the 
null hypothesis is accepted.  The result of this study is therefore in agreement with previous 
studies that found that gender does not play a role in waste minimisation (Tonglet et al., 2004; 
Gillham 2008; Singhirunnusorn et al., 2012; Miafodzyeva et al. 2013; Schoeman & Schmidt 
2016; Abd’Razack et al., 2017; Oztekin et al., 2017; Wang et al., 2018).  The CoJ thus does not 
have to take into consideration the gender of residents when developing, expanding and 
promoting the S@S programme.   
5.11.2 Age 
The cross tabulation (Table 5.14) shows that participation in recycling increases with an 
increase in age.  The highest waste separation of household waste was recorded for pensioner 
respondents (65.6%), while only 38.9% of respondents in the 20 – 29 years age group 
participated in recycling. 
Table 5.14:  Age groups and recycling. 
Recycle 20-29 (%) 30-39 (%) 40-49 (%) 50-59 (%) 60-64 (%) Pensioner (%) 
Yes 38.9 49.6 53.5 57.7 54.5 65.6 
No 61.1 50.4 46.5 42.3 45.5 34.4 
 
The following hypotheses were tested: 
 H0: There is no association between age and participation in recycling. 




The results of the chi-square test for independence were χ2(5) = 24.21, p = .0, phi = .154.  Thus, 
there is a statistically significant relationship between age and recycling participation.  The 
null hypothesis is rejected and age influences participation in separating waste at household 
level in Johannesburg.  The effect of age however is small, as there is very weak correlation 
based on the value of phi (.154) (Table 4.1 Section 4.2.4).  The main reason provided by non-
recycling respondents was the lack of time to participate in recycling (Section 5.8.1).  Younger 
people tend to be busy with studies, building their career and raising a family.  The result of 
this study show that older people have more time to separate household waste and thus are 
in agreement with previous studies with similar results (Tonglet et al., 2004; Martin et al., 
2006; Sidique et al., 2010; Singhirunnusorn et al., 2012; Fiorillo, 2013; Pakpour et al., 2014; 
Starr & Nicolson, 2015; Tabernero et al., 2015).   
As highlighted in Section 4.1.1, the CoJ has a relatively young population with around 34.3% 
of the population falling into the 14 – 25  year age group (CoJ, 2012; CoJ 2019) and 40% in the 
young working age of 24 – 44 years (Abrahams & Everatt, 2019; CoJ, 2020).  The CoJ therefore 
should take serious notice of the result that showed 61.1% of respondents in the 20 – 29 years 
age group did not separate waste for recycling.  Also, just more than half (50.4%) of the 30 – 
39 years did not participate in recycling.  With a young population residing in Johannesburg 
their consumption patterns and environmental behaviour cannot be ignored when it comes 
to waste management and recycling.  Such young people will play a crucial role in developing 
a nation that is environmentally conscious and they are the future business leaders, decision 
– and policy makers.  As Bedard & Tolmie (2018:1538) state, researching young people’s 
behaviour provides “a possible ‘snapshot’ of future society in terms of green behaviour”.  With 
the CoJ running out of airspace in landfills, there is a pressing need to increase participation 
in the S@S programme – and especially in the younger age groups as the results showed.  This 
sentiment was corroborated and confirmed by comments made by respondents that 
emphasised the involvement of younger people in participating in recycling. 
“Young people must be educated more about the importance of recycling since they 
are the ones that can influence their parents to recycle more.” 
“Also the younger generation would do a better job if they got involved because they 
can easily influence each other and they have platforms to do those such as social 
networks.” 






The cross tabulation (Table 5.15) shows that more than half of respondents that are from the 
White (62.2%) and Coloured (53.8%) racial groups separated waste at source.  The lowest 
participation rate in recycling were recorded for the Black (56.1%), followed closely by the 
Indian/Asian (54.5%) racial groups. 
Table 5.15:  Race and recycling. 
Recycle Black (%) White (%) Coloured (%) Indian/Asian (%) 
Yes 43.9 62.2 53.8 45.5 
No 56.1 37.8 46.2 54.5 
 
The following hypotheses were tested: 
 H0: There is no association between race and participation in recycling. 
 Ha: Race influences participation in recycling. 
The results of the chi-square test for independence were χ2(3) = 16.937, p = .001, phi = .129.  
Thus, there is a statistically significant relationship between race and separating waste for 
recycling.  The null hypothesis is rejected and race influences participation in recycling in 
Johannesburg.  The effect of race however is small, as there is very weak correlation.  The 
result agrees with Oyekale (2018) that showed that race is statistically significant in South 
Africa in waste separation and that white South Africans have a higher probability for 
participation in recycling.  Anderson et al. (2013) also found that African (Black) households 
were the least likely to recycle. 
5.11.4 Employment status 
The cross tabulation (Table 5.16) shows noticeable differences in the waste separation 
behaviour of employed and economically inactive respondents.  Respondents that were 
employed participated at a significantly higher rate (52.0%) in waste separation than 





Table 5.16:  Employment status and recycling. 
Recycle Employed full- or part time (%) Not economically active (%) 
Yes 52.0 39.7 
No 48.0 60.3 
 
The following hypotheses were tested: 
H0: There is no association between employment status and participation in 
recycling. 
 Ha: Employment status influences participation in recycling. 
The results of the chi-square test for independence were χ2(1) = 14.851, p = .0, phi = .121.  The 
null hypothesis is rejected and the result show that there is a statistically significant 
relationship between employment status and waste separation behaviour.  However, there is 
only a weak correlation and the effect from employment status is small.  The result is in 
contrast with the Sidique at al. (2010) study which indicated that full-time employed people 
are likely to spend less time on recycling activities when compared to unemployed people.  
One would assume that unemployed people would have more time to separate household 
waste for recycling.  This is clearly not the case in this study.  A possible reason for this is that 
economically inactive people are in the lower-income group or can be considered as living 
below the poverty line.  As explained in Section 4.1.1, Johannesburg is a city with the highest 
levels of inequality in the world.  Economically inactive people most probably consume less 
products and therefore there are less recyclables available to separate for recycling purposes.  
The CoJ therefore should investigate the establishment of BBCs in lower-income areas in 
Johannesburg.  Not only will this increase recycling participation rates, but also contribute to 
poverty alleviation and afford poorer residents the opportunity to earn desperately needed 
money from selling recyclables at BBCs.         
5.11.5 Education level 
The cross tabulation (Table 5.17) shows a 12.5% difference in separation of waste for recycling 
between respondents with an education level up to Matric (40.0%) and those with a post-





Table 5.17:  Education level and recycling. 
Recycle Up to Matric (%) Post-matric qualification (%) 
Yes 40.0 52.5 
No 60.0 47.5 
 
The following hypotheses were tested: 
H0: There is no association between education level and participation in recycling. 
 Ha: Education level influences participation in recycling. 
The results of the chi-square test for independence were χ2(1) = 15.666, p = .0, phi = -.124.  
Thus, education level has a significant positive influence on recycling participation.  The null 
hypothesis is rejected and education level influences participation in separating waste at 
household level in Johannesburg.  The effect of education level is significant but small as there 
is very weak correlation.  Similar results were obtained in previous studies – education level 
was found by Jenkins et al. (2003), Sidique et al. (2010), Fiorillo (2013), Latif et al. (2013), 
Owusu et al. (2013), Czajkowski et al. (2014), Pakpour et al. (2014) and Babaei et al. (2015) to 
be an important determinant for participation in recycling. 
5.11.6 Income level 
The cross tabulation (Table 5.18) shows the highest level of recycling participation took place 
in the realised middle class (52.3%).  The lower income group recorded the lowest 
participation rate with 40.9% separating waste for recycling.  The difference in the recycling 
rate between the emerging middle class, realised middle class and upper middle class to 
affluent is very small. 
Table 5.18:  Income level and recycling. 




Upper middle class 
to affluent (%) 
Yes 40.9 48.1 52.3 50.3 





The following hypotheses were tested: 
H0: There is no association between income level and participation in recycling. 
 Ha: Income level influences participation in recycling. 
The results of the chi-square test for independence were χ2(3) = 7.805, p = .05, phi = .089.  The 
null hypothesis is accepted, and income level does not influence waste separating behaviour 
of respondents.  The result of this study is in contrast with Schultz et al. (1995), Martin et al. 
(2006), Halvorsen (2008), Sidique et al. (2010), Afroz et al. (2010), Halvorsen (2012), Fiorillo 
(2013) and Starr & Nicolson (2015) that found recyclers come from higher income groups. 
 5.11.7 Residence type 
The cross tabulation (Table 5.19) shows respondents staying a private house most often 
separate waste for recycling (49.6%).  The lowest recycling participation rate was recorded for 
respondents that stayed in a commune, residence or student accommodation (35.6%). 
Table 5.19:  Residence type and recycling. 
Recycle Private house (%) Complex, flat, estate, 
townhouse (%) 
Commune, residence, 
student accommodation (%) 
Yes 49.6 43.3 35.6 
No 50.4 56.7 64.4 
 
The following hypotheses were tested: 
H0: There is no association between residence type and participation in recycling. 
 Ha: Residence type influences participation in recycling. 
The results of the chi-square test for independence were χ2(2) = 8.502, p = .014, phi = .099. 
The null hypothesis is rejected and there is a statistically significant relationship between 
residence type and separating waste for recycling.  Thus, respondents that stayed in a private 
house participate more in waste separation.  Previous studies that investigated recycling 
participation and residence type also found that residents staying in a private house are 
substantially more likely to recycle (Barr, 2003, Jenkins et al., 2003; Martin et al., 2006; 




not unexpected – in Section 5.8.1 the second most cited reason for non-participation in 
recycling is the lack of space to store recyclables as indicated by comments of respondents. 
“Each block in an area should have big recycling bins to be accessed by the public 
because staying in a flat you need to take out rubbish daily because there is no space 
to store it.” 
“The city must provide wheelie bins as most people do not have space to store the 
recyclables.” 
The lowest recycling participation rate was recorded for respondents that stayed in a 
commune, residence or student accommodation.  Such type of residence is generally 
occupied by younger people.  As the result of Section 5.11.2 shows, age was a significant 
determinator of recycling behaviour and can be related also to the type of residence they 
stayed in.   
5.11.8 Household size 
The cross tabulation (Table 5.20) shows that households with six or more people had the 
lowest participation rate in recycling (59.0%).  There was only a very small difference in the 
recycling participation of households with 1 – 3 people (48.7%) and households that consisted 
of 4 – 5 people (47.5%). 
Table 5.20:  Household size and recycling. 
Recycle 1-3 people (%) 4-5 people (%) 6 or more people (%) 
Yes 48.7 47.5 41.0 
No 51.3 52.5 59.0 
 
The following hypotheses were tested: 
H0: There is no association between household size and participation in recycling. 
 Ha: Household size influences participation in recycling. 
The results of the chi-square test for independence were χ2(2) = 3.056, p = .217, phi = .056.  
Household size is not statistically significant and therefore the null hypothesis is accepted.  
The result is in agreement with the Fiorillo (2013) study conducted in Italy, but in contrast to 
the findings of Halvorsen (2008), Sidique et al. (2010) and Starr & Nicolson (2015) that found 




5.12 Brief overview of main findings 
This chapter presented the results of the questionnaire that investigated recycling behaviour.  
Respondents had a good awareness of environmental problems associated with waste.  They 
were also in strong agreement on the benefits associated with recycling.  However, this 
awareness and agreement do not manifest in positive environmental behaviour – only 11.1% 
of respondents were committed recyclers.  The main reasons given by non-recyclers for not 
separating waste were lack of time, lack of space and the need to know more about recycling. 
Various measures to increase participation in recycling were identified.  By far the greatest 
measurement proposed by respondents is education and knowledge on recycling and 
recycling programmes that are needed.  The provision of wheelie bins and the establishment 
of recycling facilities are other noteworthy measures suggested by respondents. 
Five socio-demographic factors had a significant influence on recycling participation, namely 
age, race, employment status, education level and residence type.  Previous studies (e.g. Barr 
et al., 2003; Sidique et al., 2010; Wang et al., 2018; Tiew et al., 2019) investigated 
psychological factors that determines participation in recycling.  The next chapter applied the 










CHAPTER 6:  ANALYSIS AND INTERPRETATION:  RECYCLING DRIVERS 
6.1 Theoretical framework  
This chapter investigated waste separation using similar measures used by previous studies.  
It determined the relationship between recycling behaviour and the socio-demographic 
variables such as gender, age, education and income using bivariate analyses.  The research 
also identified the underlying factors that motivate recyclers to separate their household 
waste for recycling.  Respondents were given 25 statements and had to rate their level of 
agreement using a 5-point Likert scale – from strongly disagree to strongly agree.  These 25 
statements can be grouped under attitude, subjective norm, perceived control, moral norm, 
situational factors, outcomes and consequences in line with a study conducted by Tonglet et 
al. (2004). 
Researchers such as Barr et al. (2003), Jekria & Daud (2016), Corsini et al. (2018) and Ma et al. 
(2018) included attitude as a determinant of recycling behaviour in their studies.  If individuals 
exhibit a positive attitude towards an environmental issue (in this case waste separation for 
recycling), such individuals will execute consistent behaviour with their attitude (Fishbein & 
Ajzen, 1975).  Respondents’ attitude towards recycling were tested in four different 
statements – recycling is good, useful, rewarding and responsible. 
The subjective (social) norm refers to perceived social pressure to perform or not perform the 
behaviour (Davies et al., 2002).  Studies that used the subjective norm as a factor in predicting 
recycling behaviour are Barr et al. (2003), Tonglet et al. (2004), Sidique et al. (2010), Wang et 
al. (2018) and Tiew et al. (2019).   
Perceived behaviour control in this study is a person’s perception of difficulty in participating 
in waste separation at household level.    Perceived behavioural control was investigated in 
previous studies by Ittiravivongs (2012), Nguyen et al. (2015), Pakpour et al. (2014) and 
Strydom (2018).   
Moral norms are the moral obligation or responsibility a person feels to perform recycling 
(Botetzagias et al., 2015), while Schwartz (1977) described it as personal or moral norms that 




requires the effort and time of individuals.  Thus, Chan & Bishop (2013) maintain that recycling 
participation is rather a moral than an economic behaviour.   
In Section 5.8.1, the reasons provided by respondents for not separating their waste for 
recycling were the lack of time and space and that more information is needed.  Numerous 
studies (Barr, 2007; Miafodzyeva 2012; Starr & Nicolson, 2015; Struk, 2017; Rousta & Bolton, 
2019) used various situational factors to predict recycling behaviour. 
Outcomes and consequences are very closely related.  The factor analysis in the Tonglet et al. 
(2004) study separated the variables initially identified as consequences of recycling into two 
separate factors.  Consequences of recycling can be considered as the more general 
consequences of participating in recycling, while outcomes relate to the specific outcomes of 
separating household waste for recycling (Tonglet et al., 2004).  Corsini et al. (2018) and Wan 
et al. (2017) used awareness of the consequences in shaping positive attitudes towards waste 
management behaviour.   
A total of 398 questionnaires were analysed to determine the influence of the different 
psychological variables as outline above.  The next section describes the demographic 
characteristics of the respondents, followed by an investigation on their recycling 
participation and the drivers for participation in recycling.  The influence of four socio-
demographic variables are presented, followed by the factors identified by the EFA.  The last 
section presents the results of the multiple regression analysis. 
6.2 Demographic characteristics 
The socio-demographic results (Table 6.1) show that the majority of the respondents were 
female (79.3%) and from the older age groups with 64.6% older than 40 years.  They were a 
well-educated group as 80.4% of respondents had a post-matric qualification and a third 
(33.8%) attained a post-graduate degree qualification.  The largest cohorts in terms of income 
level came from the emerging middle class (28.5%), followed by the affluent (19.4%).  It is 
important to note that the demographic characteristics of the respondents cannot be 
regarded as a normal distribution sample of residents of Johannesburg.  Section 5.1 of the 
previous chapter gave and discussed the demographic profile of Johannesburg and the 
respondents’ profile in this questionnaire is noticeably different.  The reason for this deviation 




in South Africa.  Thus, only residents that had access to the internet and devices knew of and 
participated in the study.   
Table 6.1:  Socio-demographic characteristics of respondents. 





































Income Lower (<R50 000 p/a) 
Emerging middle (R100 000 – R300 000) 
Realised middle (R300 001 – R500 000 
Upper middle (R500 001 – R750 000) 
Emerging affluent 














6.3 Recycling participation  
As discussed in Sections 4.2.3 and 4.3.1, one of the problems experienced with the recycling 
driver questionnaire was that mostly individuals with positive behaviour seemed to be willing 
to complete the questionnaire.  This is reflected in the recycling participation results – with 
90.7% of respondents indicating that they separated waste at source for recycling (Figure 6.1).  
A further 34.0% can be considered as committed recyclers as they indicated they recycled 
everything that can be recycled.  This was followed by ‘I recycle a lot, but not everything’ 
(33.5%) and ‘I recycle small amounts’ (23.2%).  Only 9.3% of respondents indicated that they 
did not separate household waste for recycling.  These recorded recycling participation rates 
are significantly higher than those reported in previous studies in the CoJ and official figures 
reported by Pikitup and StatsSA.  The result from the Schoeman & Schmidt (2016) study 
showed that 42.8% of respondents recycled and the result from Section 5.6 found that 47.1% 
of respondents recycled.  Furthermore, Pikitup gave the average participation rate in the S@S 
programme as 19.9% (Pikitup, 2016), while the household survey of StatsSA provided a 31.4% 





Figure 6.1:  Participation in separating waste at source for recycling. 
6.4 Influence of socio-demographic variables 
An independent samples t-test was conducted to compare the recycling participation 
behaviour for males and females.  There was no significant difference between males (M = 
2.81, SD = 0.995) and females (M = 2.94, SD = 0.979); t (392) = 1.033, p = 0.30.  Therefore, 
gender did not play a role in recycling as found by previous studies (Tonglet et al., 2003; 
Gillham 2008; Singhirunnusorn et al., 2012; Miafodzyeva et al. 2013; Schoeman & Schmidt 
2016; Abd’Razack et al., 2017; Oztekin et al., 2017; Wang et al., 2018).  This result also 
confirms with the result in Section 5.11.1 and therefore one can safely assume that gender 
does not play a role in the separation of household waste for recycling in Johannesburg.   
The relationship between recycling participation and age was investigated using Pearson 
product-moment correlation coefficient.  There was a small, positive correlation between the 
two variables, r = .22, n = 397, p < .001, with older respondents associated with higher levels 
of participation in recycling.  Again, this is a confirmation of the findings in Section 5.11.2 that 
found that there is a statistically significant relationship between age and recycling 
participation in Johannesburg and those of previous studies on the influence of age in 
recycling participation (Tonglet et al., 2004; Martin et al., 2006; Sidique et al., 2010; 
Singhirunnusorn et al., 2012; Fiorillo, 2013; Pakpour et al., 2014; Starr & Nicolson, 2015; 
Tabernero et al., 2015). 
A one-way between-groups analysis of variance (ANOVA) was conducted to explore the effect 




divided into six income levels (Table 6.1).  There was a statistically significant difference at the 
p < .05 level for the income groups F (5, 389) = 2.8, p = .014.  Despite reaching statistical 
significance, the actual difference mean scores between the income groups were quite small.  
Post-hoc comparisons using Dunnett’s test indicated that the mean score for emerging 
affluent respondents (M = 2.53, SD = 0.929) was significantly different from affluent 
respondents (M = 3.22, SD = 0.759).  The investigation on income level as a driver for recycling 
behaviour in Section 5.11.6 found that there is no association between income level and 
participation in recycling.  Even though the results of this section found there is a statistically 
significant difference for the income groups, this was only the case between two of the six 
different income groups and fairly small.  Therefore, the results of the driver questionnaire 
can be considered as similar to those of the recycling behaviour questionnaire.  As stated in 
Section 5.11.6, the result of this study is in contrast with Schultz et al. (1995), Martin et al. 
(2006), Halvorsen (2008), Sidique et al. (2010), Afroz et al. (2010), Halvorsen (2012), Fiorillo 
(2013) and Starr & Nicolson (2015) that found recyclers come from higher income groups. In 
this segment of the study, the second highest income group (emerging affluent) had the 
lowest rate in recycling participation. 
Education level were divided into four levels (Table 6.1).  The results of the ANOVA showed 
no statistically significant difference in recycling participation and education level F (4, 397) = 
0.787, p = .801.  This is in contrast to the finding in Section 5.11.5 that showed that education 
level influences participation in separating waste at household level in Johannesburg.  A 
possible reason for this can be that the majority (80.4%) of the respondents had a post-matric 
qualification.  As 90.7% of the respondents separated their waste for recycling and 80.4% of 
them had high levels of education, it in a way confirms that individuals with a higher level of 
education tends to participate more in recycling. 
6.5 Descriptive statistics 
This section gives the descriptive statistics for the seven aspects of recycling drivers that were 
investigated.  For each aspect, namely attitude, subjective norm, perceived control, moral 
norm, situational factors, consequences and outcomes, the results are discussed in sub-






Four questions tested the attitude of respondents towards separating waste for recycling.  
‘Recycling is useful’ attracted the highest positive attitude with 90.2% of respondents that 
agreed or strongly agreed with this statement (Figure 6.2).  This is followed by ‘Recycling is 
good’ where 88.9% of respondents agreed/strongly agreed with this statement.  The lowest 
score for a positive attitude was recorded for ‘Recycling is rewarding’ with just more than half 
(52.1%) of respondents in strong agreement.  Overall, respondents showed a very positive 
attitude towards recycling.   
 
Figure 6.2:  Attitude towards recycling. 
6.5.2 Subjective norm 
The results showed that social pressure is not such a big driver in recycling participation as 
attitude towards recycling (Figure 6.3).  Just more than half (55.4%) of respondents agreed 
that ‘Most people think I should recycle’.  The social norm where people would approve of an 





Figure 6.3:  Subjective norm. 
6.5.3 Perceived control 
Five statements addressed perceived control over recycling and included respondents’ 
perception on the ease of recycling, opportunities to recycle and knowledge on how to recycle 
and what items can be recycled (Table 6.2).  The results of the recycling behaviour 
questionnaire (Section 5.9) showed that these were factors identified by respondents as 
challenges in participating in recycling.  When compared with the results in Section 5.9 that 
indicated 90.1% of recyclers and 85.6% of non-recyclers required more information on the 
recyclability of an item, respondents of the drivers of recycling questionnaire had more 
knowledge regarding separation of waste.  They knew what items can be recycled (71%) 
agreed/strongly agreed with this statement and 63% indicated they know how to recycle their 
household waste.  The higher level of education (80.4% with a post-matric qualification) could 
also be a factor that increased recycling participation.  This better knowledge on how to 
recycle and what items are recyclable are not unexpected as the majority (90.7%) of the 
respondents participated in recycling.   
Table 6.2:  Perceived control. 
Agreement Recycling is 
easy (%) 
I have plenty 
opportunities 
to recycle (%) 
Recycling is 
convenient (%) 
I know what 
items can be 
recycled (%) 
I know how to 
recycle my 
waste (%) 
Strongly disagree 7.6 7.5 3.1 8.1 7.5 
Disagree 18.4 13.3 15.1 7.0 9.8 
Neutral 18.9 17.8 19.6 13.5 18.3 
Agree 31.2 32.8 32.5 44.1 40.2 




However, only 55.1% of respondents agreed that recycling is easy.  This showed that even 
residents that were recyclers did not find it easy and more than a fifth (21%) indicated that 
there were not enough opportunities to participate in recycling.   
6.5.4 Moral norm 
The three statements that investigated moral norms of respondents were ‘It would be wrong 
of me not to recycle’, ‘I feel I should not waste anything if it could be used again’ and 
‘Everybody should share the responsibility to recycle’ (Figure 6.4).  The levels of agreement 
were again lower than those of attitude towards recycling, but higher than those recorded for 
social norms.  Respondents felt that everybody should share the responsibility to recycle and 
84.6% agreed/strongly agreed with the statement, followed by not wasting items than can be 
reused (76.1%) and that it would be wrong not to recycle (74.5%). 
 
Figure 6.4:  Moral norms. 
6.5.5  Situational factors 
The situational factors included in this study are the availability of time to separate waste, 
storing of recyclables and if recycling is complicated (Figure 6.5).  The results in Section 5.8.1 
found that time (36.5%), space (33.6%), the need for more information (32.0%) and that it 




situational factors were also problematic for respondents of the second questionnaire.  The 
space to store recyclables was an issue for 26.2% of respondents that indicated recycling takes 
up too much space.  For both ‘Recycling takes up too much time’ and ‘Recycling is too 
complicated’, 29.7% of respondents strongly disagreed. 
 
Figure 6.5:  Situational factors. 
6.5.6 Outcomes 
The outcomes tested were recycling reduces pollution, saves landfill space, protects the 
environment and preserves natural resources (Figure 6.6).  The results of this questionnaire 
were very similar to those in Section 5.3 (Table 5.2).  The highest level of agreement was 
recorded for recycling protects the environment (64.5% strongly agreed).  Interesting to note 
that in the second questionnaire, less respondents (53.4%) strongly agreed with ‘Recycling 









Recycling takes up too
much time




























Figure 6.6:  Outcomes of recycling. 
6.5.7 Consequences 
Recycling creates jobs, saves energy and money and ‘I can see the point in recycling’ were the 
statements given regarding the consequences of recycling (Figure 6.7).   The respondents did 
understand the importance of recycling with 71.5% in strong agreement with ‘I can see the 
point in recycling’.  Noticeable lower levels of agreement were recorded for the other 
statements with ‘Recycling saves money’ the lowest at 35.5%.  Related statements in the first 
questionnaire obtained similar results.  For ‘Recycling saves energy’ 41.6% of respondents in 
the recycling behaviour questionnaire strongly agreed, while 44.6% in the recycling driver 
questionnaire strongly agreed.  ‘Recycling creates jobs’ had 81.5% of respondents that 






Figure 6.7:  Consequences of recycling. 
6.6 Factor analysis:  Drivers of recycling 
Exploratory factor analysis and varimax factor rotation were performed to identify the 
underlying drivers for separating waste at household level on the 25 statements used in this 
study.  The dataset was suitable for factor analysis with more than 300 cases, the KMO was 
0.956 exceeding the recommended value of 0.6 and the BTS test reached statistical 
significance (p = 0.00 < 0.05).  The Kaiser’s criterion, Catell’s scree test and parallel analysis 
were used to determine the number of factors for consideration. The results of the Kaiser’s 
criterion and parallel analysis revealed the presence of three factors with eigenvalues 
exceeding 1 (Table 6.3).  The scree plot illustrated a clear break after the third component 
(Figure 6.8).  Therefore, a three-factor solution was adopted and retained for further 
investigation.   
Table 6.3:  Calculated eigenvalues (EFA). 
Factor Initial eigenvalues Rotation sums of squared loadings Parallel 
analysis 
Total % of variance Cumulative % Total % of variance Cumulative % Total 
1 13.77 55.072 55.072 11.34 45.597 45.597 1.474455 
2 3.25 12.992 68.064 2.94 11.747 57.344 1.410626 














































Figure 6.8:  Catell’s scree plot and eigenvalues (EFA). 
The three factors represent separate and independent underlying dimensions of recycling 
behaviour and explained 68.4% of the variance (Table 6.3).  The outcome from the factor 
analysis did not group the variables as expected (Figure 6.9).  This result suggested that 
theoretical factors cannot be differentiated by response patterns of the sample of 
respondents investigated.  E.g. the attitude and subjective norm items are too similar to justify 
the items of these factors to be considered different factors.  Figure 6.9 illustrates the 
grouping under the three factors as well as the factor loading (indicated in dark green).  The 
first factor, named recycling benefits, contained all the measures from attitude, subjective 
norm, moral norm, outcomes and consequences.  The second factor, perceived control, 
grouped four of the five perceived control statements – the exception was ‘Recycling is 
inconvenient’ and it was grouped into the third factor.  The third factor, situational variables 




























Figure 6.9:  Drivers of household recycling. 
Recycling is good                                               .890 
Recycling is useful                                            .885 
Recycling is rewarding                                     .808 
Recycling is responsible                                  .887 
People think I should recycle                         .519 
People would approve of me recycling       .644 
Recycling is easy                                               .661 
I have plenty opportunities to recycle          .624 
Recycling is inconvenient                                .643 
I know what items can be recycled             .498 
I know how to recycle my waste                   .622 
It would be wrong of me not to recycle        .659 
Not waste items that can be reused             .676 
Everybody shares the responsibility             .832 
Recycling takes up too much time                .845 
Recycling takes up too much space              .823 
Recycling is too complicated                          .727 
Recycling reduces pollution                            .864 
Recycling saves landfill space                         .882 
Recycling protect the environment                .942 
Recycling preserves natural resources          .910 
I cannot see the point in recycling                     .435 
Recycling saves energy                                    .770 
Recycling saves money                                    .668 







The recycling benefits construct was comprised of 17 items that explained 45.6% of the 
variance with factor loadings from .435 to .942.  The results showed that respondents 
participate in recycling for various reasons and that the benefits associated with recycling are 
drivers for separating household waste.  The strongest item-to-factor loadings was recorded 
for ‘Recycling helps to protect the environment’ and had an excellent shared variance of 
88.7% (.942) with the construct.  The other items that had an excellent shared variance was 
‘Recycling preserves natural resources’ (82.8%, .910), ‘Recycling is good’ (79.2%, .890), 
‘Recycling is responsible’ (78.7%, .887), ‘Recycling is useful’ (78.3%, .885), ‘Recycling saves 
landfill space (77.8%, .882), ‘Recycling creates jobs’ (74.9%, .886), ‘Recycling reduces 
pollution’ (74.7%, .864), ‘Everybody should share the responsibility to recycle’ (69.2%, .832), 
‘Recycling is rewarding’ (65.3%, .808) and ‘Recycling saves energy’ (59.3%, .770).   
The perceived control construct consisted of four items and explained 11.8% of the variance 
with factor loadings from .498 to .661.  ‘Recycling is easy’ (43.7%, .661) had a very good shared 
variance with the perceived control construct. ‘I have plenty opportunities to recycle’ (38.9%, 
.624) and ‘I know how to recycle my waste (38.7%, .622) had a good shared variance, while ‘I 
know what items can be recycled’ (24.8%, .498) only had a fair shared variance.   
The situational variables construct explained 11.1% of the variance and consisted of four items 
with factor loadings from .643 to .845.  Three items had an excellent shared variance with the 
construct – ‘Recycling takes up too much time’ (71.4%, .845), ‘Recycling takes up too much 
space’ (67.7%, .823) and ‘Recycling is too complicated’ (52.9%, .727).  The last item grouped 
under the situational variables factor ‘Recycling is inconvenient’, had a very good shared 
variance with 41.3% (.643). 
6.7 Multiple regression 
The results of the bivariate analysis found that age had a statistically significant relationship 
with recycling participation and the EFA identified three factors, named recycling benefits, 
perceived control and situational variables.  A multiple regression analysis was performed 
using recycling participation as the dependent variable and age, recycling benefits, perceived 
control and situational variables as the predictors for recycling participation.  The 
requirements of multiple regression of sample size, multicollinearity, normality, linearity, 




Table 6.4 contains the multiple correlation (multiple R) between the set of independent 
variables and the dependent variable.  The coefficient of determination (R-squared) is the 
square of the multiple correlation and reflects the proportion of variation of recycling 
participation that is explained by the independent variables.  For this study, 29.6% of the 
variance in recycling participation is explained by age, recycling benefits, situational variables 
and perceived control.  
Table 6.4:  Model summary. 
R R square Adjusted R square Standard error 
.544 0.296 0.289 0.826 
 
ANOVA was used to test the statistical significance of the R-squared value calculated (Table 
6.4).  The null hypothesis is that the population R-square is zero.  The ANOVA results (Table 
6.5) indicated statistical significance (F (4.391) = 41.107, p < .001), suggesting that the 
population R-square is significantly greater than zero. 
Table 6.5:  ANOVA. 
 Sum of squares df Mean square F Sig 
Regression 112.223 4 28.056 41.107 .000 
Residual 266.857 391 0.682   
Total 379.081 395    
 
The calculated coefficients and correlations statistics are displayed in Table 6.6.  The 
‘Unstandardised B’ column contain the regression parameter estimates.  Age (b = 0.011) and 
situational variables (b = 0.372) were positive predictors, while recycling benefits (b = -0.137) 
and perceived control (b = -0.280) negative.  The results found that all the independent 
variables made a statistically significant unique contribution to recycling participation.  The 
‘Standardised Coefficients Beta’ column is used for interpretation as it represents the 
independent variables converted to the same scale.  Situational variables made up the largest 
unique contribution (beta = .410, p < .001), followed by perceived control (beta = -.271, p < 
.001), age (beta = .141, p < .001) and recycling benefits (beta = -.137, p < .05).   
The semi-partial correlations are indicated in the ‘Part’ column and reflect the correlation 
between each independent variable and recycling participation (controlling the remaining 
independent variables from a given independent variable).  It orders the independent 
variables in terms of their relative contribution.  Situational variables ranked one with a 

















2.326 0.275  8.457 0.000    
Age 
 
0.011 0.003 0.141 3.270 0.001 0.212 0.163 0.139 
Recycling 
benefits 
-0.137 0.062 -0.137 -2.214 0.027 0.152 -0.111 -0.094 
Situational 
variables 
0.372 0.060 0.410 6.218 0.000 0.422 0.300 0.264 
Perceived 
control 
-0.280 0.049 -0.271 -5.726 0.000 -0.420 -0.278 -0.243 
 
To determine which of age, recycling benefits, situational variables and perceived control 
exerted the greatest influence on recycling participation, a multiple regression was used.  The 
four variables collectively explained 29.6% of the variance in recycling participation.  All four 
variables were statistically significant and situational variables made up both the largest 


















CHAPTER 7:  CONCLUSIONS AND RECOMMENDATIONS 
7.1 Introduction 
This chapter concludes the research and make recommendations on increasing participation 
of waste separation at household level, as well as recommendations for further research.  This 
chapter starts by concluding remarks on the literature review, followed by conclusions on the 
research conducted.  The last part of outlines the recommendations to increase recycling 
participation and for further research. 
7.2 Concluding remarks on literature review 
In the literature review section of this study a number of issues and challenges in SWM and 
recycling were identified and discussed.  Only those that are considered noteworthy by the 
researcher are concluded on in this section. 
7.2.1 Waste definition and classification 
Defining and classifying waste is a ‘minefield’ and is done differently in various parts of the 
world.  Often the definition of waste resulted in consequences not foreseen, such as by-
products that can be used by another being regarded as waste.  This had led to litigation about 
the definition of waste and uncertainty on what can be regarded as waste.  Researchers are 
in agreement that definitions of waste are generally insufficient in describing this concept and 
that it is realised in problems experienced in the implementation of such definitions (Cheyne 
& Purdue, 1995; Tromans, 2001; Pongrácz & Pohjola, 2004; Oelofse & Godfrey, 2008b; 
Taljaard, 2011; Waite, 2012; Zhakata et al., 2016; Sustainability Exchange, 2018). 
It is of utmost importance that legislative measures adequately address the definition and 
classification of waste.  This is to ensure that the risk of harm to human health and the 
environment are properly identified, which will in turn determine the appropriate waste 
management measures that is needed to each type of waste.  In South Africa, the definition 
of waste can be considered as broad and open to various interpretations, with the resultant 
ambiguity in its application.  Even though South Africa has the most detailed definition of 




open for different interpretations and uncertainties of the definition are difficult to interpret 
(Taljaard 2011; Zhakata et al., 2016). 
Waste was traditionally classified as either municipal or industrial waste.  Only when the 
impact of waste on human health and the environment came to the fore, hazardous waste 
was included in waste classification systems.  At present, similar to the definition of waste, 
divergent classification systems of waste exist worldwide.  In South Africa, waste is classified 
into two broad categories, namely hazardous waste and general waste, and then further 
classified into numerous sub-categories.  A further ‘pitfall’ in the South African context is that 
the waste generator is responsible for classifying the waste.  It can be argued that a resident 
disposing of waste generated at household level is responsible for classifying such waste.  
Unless such resident does have an in-depth knowledge of the South African waste definition, 
waste classification and components of the waste to be disposed, he/she can inadvertently 
dispose of household waste incorrectly.  For example, residents could consider fluorescent 
lights as glass and sort it as a recyclable item.  However, unless the resident knows that 
fluorescent lights contain mercury and are classified as hazardous waste in South Africa, such 
resident can possibly ‘break the law’. 
Regarding the waste classification used in South Africa, it is the opinion of the researcher that 
the current classification is ambiguous with seven sub-categories listed under both general 
waste and hazardous waste.  Similar to the waste definition, it is open for different 
interpretations, especially since the onus is on the waste generator to classify waste.  The 
Waste Amendment Act defines general and domestic waste, but in government reports, 
reporting is done on municipal waste, that is not defined or explained – only a vague 
description is given in the SoWR and it excludes a large number of wastes.  However, 
municipal waste is used in the definition of domestic waste.  This is against the general 
understanding of domestic waste as a sub-category of municipal waste.  Albeit domestic 
waste is considered pre-classified under general waste, without indistinct guidelines on what 
is considered to be municipal waste, the planning and implementation of waste management 
at municipal level, can potentially be flawed.  At the time of writing this thesis, the waste 
classification system used in South Africa (the WCMR), is undergoing a comprehensive review.  
Hopefully this process will result in a waste classification system that provides an 




7.2.2 Impacts of waste 
Studies conducted on the health effects of waste are inconclusive, limited in methodology, 
lack in complete data, lack poor exposure assessment and there is deficient information on 
relevant variables that can influence the health outcomes.  Porta et al.’s (2009) review 
concludes that in most cases the evidence was inadequate to establish a relationship between 
a specific waste process and the impacts on health, while Mattiello et al. (2013) state that a 
moderate level of confidence is possible – but limited to very specific areas of knowledge.  
Ncube et al. (2016) came to a similar conclusion – namely that the evidence reviewed is 
inadequate that there are methodological limitations in the studies reviewed.  Poole & Basu 
(2017) found that they were not able to link the studies to specific parts of the waste and 
recycling sector.  However, studies showed that the health of workers in the waste sector are 
adversely affected by waste.  There is a need for future research on the development of tools 
capable of providing sufficient evidence of adverse health effects and specific waste 
management operations, a better understanding of chemical and toxicological data, studies 
conducted over multiple sites and large populations to increase statistical power, as well as 
studies that rather focus on individuals than communities.  Overall evidence of the health 
impacts of waste is not sufficient to draw firm conclusions.   More data and scientific evidence 
are needed to help with decision-making about the health burden of waste on communities, 
workers handling waste and recyclers in the waste sector. 
Improper management and ad-hoc approaches to the management of solid waste has led to 
adverse negative impacts of solid waste on the environment.  Significant evidence exists of 
the negative impact of waste on the environment.  Two issues that came to the fore is the 
release of greenhouse gases that contributes to global climate change, and the negative 
impact of plastics and microplastics on especially the marine ecosystem.  Similar to the health 
impact of waste, further research is needed in many areas such as soil and freshwater 
ecosystems.  Studies have shown that the sorting of waste and changing raw materials can 
decrease the environmental impacts associated with MSW (Pujara et al., 2019).   
Other than the contribution of waste to greenhouse gas emissions, the researcher could not 
obtain any recent South African studies/reports that investigated health or environmental 
impacts associated with waste.  In fact, South African studies on waste impacts can be 




dates back to 1992 and only investigated the production of landfill leachate in two water-
deficient landfills (Blight et al., 1992).  More recent studies are the Olowoyo et al. (2012) study 
that investigated the translocation of heavy metals by medicinal plants at a landfill site in 
Pretoria and Collins & Hermes’ (2019) study that modelled the accumulation and transport of 
floating marine microplastic around South Africa.  There is thus a dire need for research to be 
conducted on the human health and environmental impact of waste in South Africa.  
Especially taking into consideration that a large number of people work in both the formal 
and informal waste sector in South Africa. 
Waste jurisdictions often are project orientated and fail to take the negative impacts into 
account of a favoured management approach.  Massive amounts of waste are released into 
the environment and effective waste management systems have limited capacities.  It is thus 
of great importance that long-term commitments are made to the reduction, re-use and 
recycling of waste in an effort to control it.   
7.2.3 Waste generation and composition 
In 2016 2.01 billion tonnes was generated worldwide and it is expected to reach 3.4 billion 
tonnes in 2050, with high income countries generating 34% of the world’s waste with only 
16% of the world’s population (Kaza et al., 2018).  There is thus a significant difference in the 
amount of waste generated in high- and low-income countries.  Africa, together with the 
South Asia region, produce the least waste in the world with 5% of total waste generated 
(Hoornweg & Bhada-Tata, 2012), but it is predicted to change in the near future.  Population 
growth, growing middle class and increase in consumption patterns can lead to Africa 
becoming a dominant region in waste generation if current waste generation trends continue.  
Sub-Saharan Africa is the fastest growing region in the world and waste generated is expected 
to nearly triple by 2050.  In 2012, South Africa was the leader in terms of total MSW generated 
in Africa and estimations place it amongst the top three MSW generating countries in Africa 
in 2025 (UNEP, 2018a). 
Waste generation in South Africa was estimated at 54.2 million tonnes in 2017 (DEA, 2018) 
but all reports on waste in South Africa state that there is a lack of data and often rough 
estimates had to be made.  The latest report on waste generation in Gauteng (GDARD, 2017) 




there is uncertainty in waste figures for South Africa and it is not necessarily accurate.  Even 
though the South African government requires the reporting of waste tonnage through 
SAWIS, clearly the system is not functioning optimal and compliance is not enforced.  The CoJ, 
through their waste management services provider’s annual reports, provides detailed waste 
generation figures.  Against expectations from 2013 to 2018, there was not an increase in the 
amount of waste generated and this is attributed to the recycling initiatives in the city and the 
impact of the economic downturn. 
Generally, there are not major differences in the global, African and South African waste 
composition.  Food and green waste (also listed as organic waste) are the biggest part of waste 
with 44% worldwide, 43% for sub-Saharan Africa and 56% for South Africa.  A notable 
difference in the waste composition is the relatively high percentage of ‘other’ waste (30%) in 
sub-Saharan Africa that is 16% higher than the worldwide composition (14%) (Kaza et al., 
2018).  The literature reported on the import of waste into African countries, especially e-
waste, and this is a possible explanation for this difference.  The researcher could only find 
one study that reported on the waste composition of one landfill in the CoJ (Ayeleru et al., 
2016).  This study observed that the waste composition at the landfill site is quite different 
than reported globally and on a national level.  Observing the waste compositions at global, 
national and local level, it is clear that large parts of the waste composition consist of either 
wet or dry recyclables.  Thus, there is tremendous scope to reduce the amount of waste-to-
landfill if proper waste management practices are followed and recycling participation can be 
increased. 
It is well noted in the literature that in Africa and sub-Saharan Africa improper waste 
management is the ‘rule of the day’ with open dumpsites and burning of waste, lack of 
collection services, recyclables are not recovered, and waste is left untreated (Hoornweg & 
Bhada-Tata, 2012; UNEP & ISWA, 2015; Kaza et al., 2018; UNEP, 2018a).  With the projected 
increase in waste generation and if proper waste management practices are not instituted, it 
can only be foreseen that major health and environmental impacts associated with waste 
would worsen.  The lack of accurate waste generation and composition data for Africa and 
South Africa, makes it extremely difficult to adequately plan and implement proper waste 





7.2.4 Solid waste management 
The management of MSW is a challenge for local governments all over the world and more so 
for those in developing countries.  The first models for SWM were optimisation models that 
dealt only with specific aspects of the waste problem and focussed on minimising the costs of 
SWM.  These models were mainly criticised of not taking the social equity and recycling into 
consideration (Berger et al., 1999; Costi et al., 2004; Morrissey & Browne, 2004).  There was 
a call for a holistic approach to SWM that address the interconnectedness of social, 
environmental, economic and technical spheres of waste.  This led to the development ISWM 
that aims for the integration of the environmental, economic and social aspects of SWM.  
Some critics of ISWM stated that it does not take all three aspects of SWM into account and 
proposed a ‘new’ approach of sustainable solid waste management (Petts, 2000; Chang et al., 
2011; Guerrero et al., 2013; Marshall & Farahbakhsh, 2013; Ma & Hipel, 2016; Zhou et al., 
2017).  The main argument of these critics is that it did not include the social aspect, but only 
concentrated on the environmental and economic spheres.  Such argument is flawed as 
sustainability does not only rely on social aspects but should also include economic and 
environmental sustainability.  In the literature ISWM, IWM and sustainable solid waste 
management are used interchangeably.  ISWM and IWM are the dominant terminology used 
and definitions and explanations include all three aspects of SWM.  It seems that the ‘buzz 
word’ sustainable did not found its way into ‘titles’ of research papers and government 
documents.  This is an indication that the general approach and understanding of ISWM 
includes sustainability dimensions. 
Often in ISWM the waste hierarchy is used to guide policy and regulations and it is a waste 
management model that prioritise actions in waste management.  The ultimate goal of the 
waste hierarchy is to move away from landfilling and relies on the four Rs – reduce, reuse, 
recycle and recovery.   Studies of the waste hierarchy showed that that following the waste 
hierarchy is technically possible, can contribute to reduction in environmental impacts and is 
cost-effective (Price & Joseph, 2000; Gertsakis & Lewis, 2003; Wilson, 2007; Marshall & 
Farahbakhsh, 2013).  The waste hierarchy is criticised on its reliance on recycling and 
reduction and that it is not effective when a combination of waste management options is 
used (Price & Joseph, 2000; McDoughall et al., 2001; Seadon, 2006; Wilson et al., 2015).  




guiding and formulation of SWM programmes – especially in the developing countries were 
poor and uncontrolled waste management practices are widespread.     
With the predicted growth in urbanisation and economic growth in developing countries, 
waste generation is expected to increase significantly.  Currently local governments in the 
developing world are not coping with SWM and Marshall & Farahbakhsh (2013), state that 
the need for ISWM is particularly strong in developing countries as the SWM sector mainly 
concentrates on collection and removal services, ignoring the complexities of SWM systems.  
Examples exist in the literature of developing nations that made substantial progress in SWM, 
but there are numerous barriers that are identified that hinder progress in the management 
of waste in these countries (Wilson et al., 2013; Zen et al., 2014; Zen & Siwar, 2015; Filho et 
al., 2016; Abd’Razack et al., 2017; Da Silva et al., 2019).  These barriers include insufficient 
financial resources, poor infrastructure, technical aspects, lack of knowledgeable staff, lack of 
appropriate legislation and weak enforcement, socio-economic and cultural aspects and low 
involvement of formal and informal private sectors.  Therefore, to implement proper ISWM 
in developing countries is a daunting undertaking and is one the researcher does not see as 
happening in the near future.  Developing countries have limited resources and solid waste 
services have a cost, but in general the expenditures are not recovered.  With inequality and 
sectors such as health and education that usually get priority and the lack of political will, 
waste management is far down the list of priorities.  This will be even more the case with the 
current Covid-19 pandemic that created and is still creating havoc with economies all over the 
world.   
7.2.5 Waste management in South Africa 
South Africa, as a developing nation, experience very similar constraints as other developing 
nations regarding waste management.  A number of barriers were identified, and it is no 
surprise that population growth, urbanisation, economic growth and an increase in living 
standard are causing an upsurge in the amount of waste generated in South Africa.  Solid 
waste services have a cost, but the expenditure to provide such service is not recovered.  In 
addition, 2.6 million South Africans received waste collection services for free in 2018 
(StatsSA, 2019d).  Coupled with this are the insufficient funds allocated to waste management, 




budgets.  This led to a situation where there are just not enough funds for resources such as 
skilled personnel, appropriate equipment, the right infrastructure and proper maintenance 
and operation.  It also leaves very little to no capital available to start new projects such as 
recycling programmes and projects that will provide job creation and improved service 
delivery.  Another dominant narrative in South Africa is the lack of enforcement of relevant 
legislation and improper governance.  A large number of municipalities are either in distress 
or dysfunctional and a number of governance issues has been identified.  On the one side 
there is limited capacity of skilled staff and the lack of governance frameworks and municipal 
policies, while on the other side the private sector’s experience of operating in the waste 
sector is one of bureaucracy.  There is thus a clear need to reach a balance between regulatory 
requirements without threatening the recovery, recycling and job creation in the waste 
sector. 
There is a myriad of legislation, policies and regulatory requirements regarding waste and the 
management thereof in South Africa.  Even though one can assume that the government, 
through this legislative and regulatory framework, is trying to regulate waste activities and 
reduce the negative impact of waste on health and the environment, it is the opinion of the 
researcher that it is an ‘overregulated’ environment.  There are three levels of government – 
national, provincial and local – that must be taken into account.  To operate in the waste 
sector and implement reuse, recycling and recovery waste activities have become very 
difficult as it requires extensive legislative compliance.   
In response, South Africa has implemented or is planning to implement a number of 
programmes and initiatives to address the ‘waste problem’.  These include various economic 
instruments, the improvement in compliance and enforcement and the use of awareness 
raising campaigns.  Closely related is the need to create jobs in the waste sector.  This has led 
to the Waste RDI Roadmap, the Working on Waste initiative, the Youth Jobs in Waste 
Programme, the Working for Energy Programme and Operation Phakisa.  Some of these, such 
as the Youth Jobs in Waste programme, has created employment and government is 
continuously investing in the programme.  However, without competent and skilled staff to 
implement and manage these responses, it is set up for failure.  Very little information is 




management services is a function of local government, there is a dire need to build up 
capacity and skills of officials at municipal level. 
7.2.6 Recycling 
Recycling is a key element in the waste hierarchy that is guiding most of the waste 
management policies all over the world.  Both developing and developed countries are 
battling to cope with the amount of waste generated and often employs recycling as a waste 
management option to divert waste from landfills.  As expected, developed countries are far 
more advanced in recycling and often a variety of recycling options are available to residents.  
The top countries in terms of recycling rates are dominated by European countries.  However, 
countries in the developed world faces a crisis and had or have to change the way their 
recycling process operates since China banned the import of different types of waste in 2018.  
The impact of this ban is not yet clear, but already some municipalities in the developed world 
stopped their recycling programmes or limited the type of recyclable accepted.   
Developing countries are generally in the ‘infancy stage’ of recycling.  Despite this, efforts are 
made to establish recycling programmes and increase recycling participation.  Informal 
recyclers (waste pickers) often play an important role in the recycling of waste in developing 
countries, however, very limited data is available on their contribution to recycling and no or 
very little recognition is given to their role in recycling.   
In South Africa a target was set of 25% recyclables removed from the waste stream by 2016 
(DEA, 2011b).  The recycle rate in 2018 was 10.8% (DEA, 2012b; StatsSA, 2018a) – far below 
the target.  Notable differences exist between recycling rates in different areas, provinces and 
metropolitan areas in the country.  The Western Cape province recycles the most (20.3%) and 
Cape Town, located in the Western Province, is the metropolitan area with the highest 
recycling participation (37.3%).  Johannesburg follows closely with 31.4% (StatsSA, 2018a).  
However, these are recycling rates that were self-reported by residents in StatsSA General 
Household Surveys.   
The experience of Pikitup’s S@S programme shows a different picture – the latest figure 
available indicates that on average, only 19.9% of residents participate in the S@S programme 
(Pikitup, 2016).  The difference in the reported recycling rates may be because the S@S 




Despite the low participation rate in the pilot project of the S@S programme, the CoJ 
extended the programme without investigating why residents do not participate.  This is a 
clear example of local government not consulting with residents or give residents the 
opportunity to develop a recycling programme with government that would suit their needs.  
If residents to not ‘buy in’ in a programme, participation rates will be low.  It is the opinion of 
the researcher that the CoJ is not executing ISWM – as the social aspect is ignored.  As stated 
before, criticism of IWM or ISWM is that often the views and opinions of residents are not 
taken into consideration.  Despite numerous attempts over a period of 22 months, the 
researcher did not get any comment or feedback from the CoJ’s department responsible for 
waste management.  In fact, even senior staff members of the national DEFF stated that one 
of the biggest problems they face in addressing waste management and recycling in South 
Africa, is the lack of response from local municipalities.  Thus, it is disappointing that the CoJ 
does not learn from mistakes that have been made by other local governments.  There is 
ample research and reports available to guide local governments in establishing successful 
recycling programmes.  Despite this, the CoJ is ‘going ahead’ of what their understanding of a 
recycling programme is – without consultation and input from residents. 
7.2.7 Recycling behaviour theories 
A wealth of different models and model variants have been applied in trying to explain 
recycling behaviour.  Three of the most commonly used models were discussed, namely TRA, 
TPB and the Schwartz Altruism Model.  Even though these models assist us to better 
understand recycling and why people participate or do not participate in recycling 
programmes, they do not provide solutions to change behaviour.  All the models applied in 
recycling research received criticism on both conceptual ground and their ability to explain 
recycling behaviour (Sheppard et al.1988; Parker et al., 1995; Davies et al., 2002; Kollmuss & 
Agyeman, 2002; Feigin et al., 2004; Miafodzyeva, 2012).  In fact, a common criticism of the 
TRA and TPB is that the relationship between intentions and behaviour is sometimes weak in 
studies that try to predict behaviour from intentions.  Another limitation of the TRA and TPB 
is that these models do not take into account cultural factors, demographic variables and 
factors related to the personality of a person.   These models also assume that people act 
rationally and do not account for irrational behaviour.  Criticism of the altruism model is that 




awareness of consequences.   Another limitation of is that this model often lacks precision 
and that the results can be misinterpreted.  Kollmus & Agyerman (2002), stated that although 
many studies have been done using these models, no definite answers have been found.  
Tucker & Douglas (2006) go further by stating that most of these models have been purely 
regressive in nature.  Another weakness of applying the models in recycling behaviour is that 
most of the studies observed behaviour in a specific community and using different methods 
for evaluation the basic constructs.  This make comparing the results between different 
studies not feasible. 
7.2.8 Factors influencing waste separation 
Households are central to recycling programmes and without their participation, recycling 
programmes are doomed for failure.  It is thus important to know what factors influence the 
recycling behaviour of residents.  Three variables are identified in the literature that 
influences recycling behaviour, namely environmental values, situational factors and 
psychological variables.  Environmental values are structured differently in different parts of 
the world and can be link to altruistic, traditional and biospheric values.  People with strong 
environmental values and attitudes are often keen recyclers.   
Situational factors represent an individual’s situation and include contextual factors and socio-
demographic factors.  Socio-demographic factors play a significant role in determining 
recycling behaviour and includes factors such as age, income, gender, education level, etc.  
Studies that investigated these factors often showed dissimilar results (Barr et al., 2003; 
Tonglet et al., 2004; Sidique et al., 2010; Fiorillo, 2013; Pakpour et al., 2014; Starr & Nicolson, 
2015; Schoeman & Schmidt, 2016; Abd’Razack et al., 2017; Wang et al., 2018; Knickmeyer, 
2020).  For example, where age play a significant role in recycling participation in one 
community, in another community age is not a factor.   
Psychological factors are the personal attitudes and values of a person and play a large part 
in the motivation to participate in recycling.  The use of psychological modelling can identify 
the driving forces behind recycling behaviour.  The most used behavioural change theory use 
in the literature is the TPB and researchers extended the TPB to include various factors such 
as personal and social norms (Valle et al., 2005; De Groot & Steg, 2007; Viscusi et al., 2014), 




et al., 2008), acceptance and awareness of the norm to recycle (Barr et al., 2003), moral 
obligations (Wang et al., 2018) and pressure from peers and family (Sidique et al., 2010) to 
name a few.  Similar to situational factors, different psychological factors act as drivers for 
waste separation at source in different communities and parts of the world.  It is therefore 
important to investigate the role of situational and psychological factors in communities so 
that recycling programmes and marketing of such programmes are developed and conducted 
in a manner that ‘fits’ the community involved. 
7.3 Recycling behaviour 
A mixed method research approach was used to conduct this study.  Questionnaires were 
used to collect primary data and a total of 1 019 residents of Johannesburg participated in the 
study.  More females (55.2%) than males (44.8%) participated in the study, and they were 
young with 66% of respondents between the ages of 20-39 years and mostly came from the 
Black racial group (71.3%).  The majority of the respondents (58.2%) had a post-matric 
qualification and the lower income group (34.8%) and emerging middle class (31.9%) were 
the dominant income levels recorded.  Almost two-thirds (60.3%) of respondents were 
employed full- or part-time and about half (51.1%) stayed in a private house with four to five 
people per household (46.1%).   
The respondents exhibited good awareness of the environmental problems associated with 
waste and 66.4% rated themselves as aware and very aware of such problems.  There was 
also strong agreement on the benefits of recycling and especially the need to be educated on 
recycling (78.2% strongly agreed), but respondents also highlighted that people do not know 
about the benefits associated with recycling.  Thus, despite a relatively higher level of 
awareness about environmental problems which are relatively general in their scope, more 
targeted effort is still needed to educate more residents on the benefits associated with waste 
minimisation. 
Almost one in every four respondents (38.7%) did not know if the S@S programme was 
available in their area of residence.  Furthermore, 75.9% indicated that they were not aware 
of the CoJ by-law that made recycling compulsory.  Again, these findings show that residents 




requirement to participate in the programme, especially since the majority (74.6%) indicated 
their willingness to participate in the S@S programme. 
Overall, residents of Johannesburg were aware of waste pickers (90.5%) operating in their 
suburbs, did not object to them collecting recyclables in their area (76.2%) and supported the 
formalisation of waste pickers (73.1%).  There was also a call to provide waste pickers with 
the necessary equipment and give them recognition for the work they are doing. 
Less than half (47.1%) of respondents recycled household waste and only 11.1% could be 
considered committed recyclers.  The main reason why respondents participate in recycling 
is to protect the environment (80.6%) and the most commonly recycled items were plastic 
(89%), paper (68.1%) and glass (57.1%).  However, there is concern about the low recycling of 
potential valuable, and at the same time harmful, items such as e-waste (12.4%) and light 
bulbs (4.3%).   
Respondents often made use of more than one method to dispose of recyclables.  About half 
the respondents travelled once a month to dispose of their recyclables at a collection point 
between two to five km from their place of residence.  Respondents that put out recyclables 
for collection usually did it once a week to be collected by the S@S programme (31.1%), waste 
pickers (28.7%) or a private company (10.4%).  The majority (73.1%) were dissatisfied with the 
service provider that collected recyclables. In most of the households either everyone (40%) 
or the mother (22.5%) is the person(s) responsible for recycling. 
The main reasons provided by non-recyclers for not participating in separating household 
waste for recycling are time (36.5%), lack of space to store recyclables (33.6%) and the need 
for more information on recycling (32.0%).  Interesting to note is that a ‘stick’ approach, 
namely fining households if they do not participate in recycling programmes, can be a 
measure employed by the CoJ to increase recycling rates.  Implementing such a measure is 
likely to change mindsets because non-recyclers would have to pay relatively more abite the 
normal waste management tariffs levied by the local municipality.  Moreover, a total of 71.1% 
of non-recyclers indicated that they would start separating waste if there is a possibility to be 
fined. 
Non-recyclers are not aware of recycling facilities (74.6%) in their area but 63.1% indicated 




is important that such facilities are located within a 5 km radius of residents as the majority 
(58.4%) indicated they are willing to travel up to 5 km to dispose of recyclables.   
Measurements that can be put in place to increase the recycling rate of recyclers and get non-
recyclers to participate are provision of a wheelie bin, recycling facilities closer to households, 
residents knowing where these facilities are located and establishment of more buy-back 
centres.  Both recyclers and non-recyclers overwhelmingly supported these measures as 
methods that would increase recycling in the CoJ.  Respondents also indicated a serious need 
for additional information on the recyclability of and a recycling logo on items. 
Education and knowledge on recycling and recycling programmes are the measures that the 
majority of respondents (64.6%) suggested as a way to improve participation in recycling 
programmes.  This was followed by the provision of wheelie bins (19.0%) and the 
establishment of recycling facilities within communities (16.3%).  Other noteworthy measures 
suggested were recycling bins in public places (13.8%), campaigns and advertisements (8.5%), 
incentives (7.0%) and weekly collection of recyclables (6.8%). 
Only two factors were identified regarding the benefits of recycling.  The recycling benefits 
explained 48.6% of the variance and the recycling knowledge factor 11.4%.  The highest 
loading on the recycling benefits component was that item that stated recycling conserves 
natural resources.  Only one item – people know about the benefits of recycling, loaded onto 
the recycling knowledge component. 
Eight socio-demographic variables’ influence on participation in waste separation for recycling 
were investigated.  Five of these variables were found to be a significant determinator of 
recycling participation – age, race, employment status, education level and residence type.  
Gender, income level and household size do not influence participation in recycling. 
Thus, respondents had a good knowledge regarding recycling and the benefits thereof.  
However, this knowledge does not transpose to passable waste separation at source with only 
11.1% of respondents classified as committed recyclers.  A positive result of this study is the 
willingness of respondents to separate waste for recycling – but it requires regular weekly 
kerbside collection or recycling facilities that are easily accessible and close to residents.  What 




recycling.  There is, therefore, a dire need identified to disseminate information on how and 
where to participate in recycling in Johannesburg. 
7.4 Recycling drivers 
The recycling driver questionnaire had a total of 398 respondents, and it investigated mainly 
the underlying motivations for participating in recycling.  The majority of the respondents 
were female (79.3%), above 40 years (64.5%) and 80.4% had a post-matric qualification.  The 
recycling participation rate of respondents were exceptionally high for South Africa – with 
90.7% separating waste at household level and 34.0% that could be considered as committed 
recyclers. 
A bivariate analysis was conducted to explore the relationship between four socio-
demographic variables and recycling.  The only variable to have a statistically significant 
influence on recycling participation was age and older respondents recorded higher levels of 
participation. 
Regarding the aspects of attitude, subjective norm, perceived control, moral norm, situational 
factors, outcomes and consequences of recycling, the respondents showed high levels of 
agreement with the statements that investigated these aspects.  The most positive aspect was 
the attitude of respondents towards recycling where almost three-quarters (74.3%) of 
respondents strongly agreed recycling is good, followed by recycling is useful (72.3%) and that 
respondents could see the point in recycling (71.5%).   Lower levels of agreement were found 
for situational factors that indicated that even recycling respondents were struggling with 
time and space requirements of recycling and that it can be a complicated process. 
EFA was used to determine the number of factors that account for the pattern of correlations 
among the 25 statements of questionnaire.  Three factors were identified, namely recycling 
benefits, perceived control and situational variables.  The recycling benefits construct 
explained 45.6% of the variance, followed by the perceived control construct (11.8%) and the 
situational variables construct explained 11.1% of the variance. 
The factors identified in the EFA and age were subjected to multiple regression analysis to 
determine which of these independent variables exerted the greatest influence on recycling 




variance in recycling participation.  Situational variables made up both the largest unique 
(beta = .410, p < .001) and relative contribution (7.0%) to recycling participation. 
7.5 Conclusion on objectives 
In Chapter 1 the problem statement and the objectives of the study were stated.  This section 
will give concluding remarks on the objectives of the study.  The objectives of the study were 
to: 
• determine residents’ knowledge regarding recycling; 
• investigate the waste separation behaviour of households; 
• determine what measures would increase waste separation for collection at 
household level; 
• determine the relationship between gender, age, race, employment status, education 
level, income level, residence type and household size and recycling behaviour;  
• determine which variable has the greatest influence on recycling participation ; and 
• make recommendations to increase recycling participation. 
7.5.1 Resident’s knowledge regarding recycling 
The results of the recycling behaviour questionnaire showed that respondents had good 
knowledge regarding the benefits associated with recycling and 66.4% rated themselves as 
aware and very aware.  An issue that was emphasised by respondents was that people do not 
have enough knowledge on recycling and its associated benefits.   
This concern was proven to be right as 38.7% of respondents did not know if the S@S 
programme was available in their community and more than three-quarters (75.9%) did not 
know about the by-law that made recycling participation compulsory.  The lack of knowledge 
regarding recycling programmes, how to participate, location of recycling facilities and what 
items are recyclable were also commented extensively in the comments section of the 
questionnaire. 
7.5.2 Waste separation behaviour of households 
Although 47.1% of respondents of the recycling behaviour questionnaire indicated they 




11.1% were committed recyclers and recycled all items that can be recycled.  The most 
recycled items were plastic (89.0%), followed by paper (68.1%) and glass (57.1%).  The results 
of the recycling driver found that 90.7% of respondents participated in recycling with 34.0% 
that can be considered as committed recyclers.   
It is the opinion of the researcher that the participation rate of the recycling driver 
questionnaire is not a true indication of recycling participation in Johannesburg.  Data were 
collected via social media and an online platform and the high participation rate is rather a 
reflection of mostly individuals with positive environmental behaviour that completed the 
questionnaire. 
7.5.3 Measures that would increase waste separation 
Possible measures put to respondents - provision of a wheelie bin, knowing the location of 
recycling facilities and buy-back centres, recycling logos on items and knowing what items are 
recyclable, all elicited positive responses from both recyclers and non-recyclers.  The measure 
identified by respondents themselves that would increase recycling participation was 
education and knowledge about recycling (64.6%).  This was followed by the provision of a 
wheelie bin (19.0%) and the establishment of community recycling facilities (16.3%). 
7.5.4 Relationship between socio-demographic variables and recycling 
In the recycling behaviour questionnaire, the relationship between eight socio-demographic 
variables and recycling participation were investigated.  The variables of age, race, 
employment status, education level and residence type were found to be significant 
determinants of separating waste as household level for recycling.  Of the four socio-
demographic variables investigated in the recycling driver questionnaire, only age was found 
to influence recycling participation. 
7.5.5 Variable that has greatest influence on recycling participation 
The results of the EFA and multiple regression identified the situational variable as the 
greatest single driver of participation in recycling.  The situational variable made up both the 






7.5.6 Recommendations to increase recycling participation 
The results of the study showed that respondents were willing to separate their household 
waste for recycling – but they lack knowledge and awareness.  With only 4.54 years of airspace 
left in landfills in Johannesburg (Pikitup, 2020), there is a dire need to remove recyclables from 
waste streams in Johannesburg.  The following sub-sections make recommendations to 
increase recycling participation in the CoJ. 
Marketing and advertisement campaigns 
The measure identified by an overwhelming majority of respondents to increase recycling 
participation was education and awareness about recycling.  There is abundant evidence in 
the literature that raising awareness and educating residents about the benefits of recycling 
and how to participate, increased separation of waste at household level (Barr et al., 2003; 
Sidique et al., 2010; Lakhan, et al., 2014; Rhodes et al., 2014; Rousta et al., 2015; Wang et al., 
2018; Meng et al., 2019; Rousta & Bolton, 2019).  Pikitup literature and personal 
communication with a retired Pikitup employee, alluded to the fact that there were marketing 
campaigns and door-to-door information shared with residents regarding the S@S 
programme.  However, it seems that this was done at the start of the programme and if 
subsequent campaigns took place, the message was not received by residents.   
It is therefore recommended that Pikitup and the CoJ launch a well-planned campaign on 
separation of waste at household level.  It should not only target the S@S programme, as 
private companies and waste pickers also collect recyclables at household level – especially in 
areas where the S@S programme is not available.   It ought to provide knowledge on where 
to recycle, and also what and how to recycle. 
Good examples of such successful marketing and advertisement campaigns are the ones done 
for the Saldanha Bay ‘We Care’ and the Cape Town ‘Think Twice’ recycling programmes.  These 
programmes were extensively advertised in community newspapers (Figure 7.1) and gave the 
necessary details of the recycling programme.  Residents were also provided with a starter 
pack consisting of fridge magnet reminder card and two clear bags for dry recyclables (Figure 




residents and provide the necessary information.  In areas where the S@S programme is 
already available, a similar campaign can act as a reminder to residents that the S@S 
programme is available in their area.  In areas where the programme is not available, the 
probability is extremely high that either waste pickers or a private company and even both 
are collecting recyclables.  By encouraging residents in such areas to separate their waste, 
concerns from residents and waste pickers will be addressed.  The first is residents’ concern 
about the ‘mess’ waste pickers left behind after going through waste to extract recyclables.  
The second is from waste pickers that indicated residents could assist them by separating 
household waste for recycling.  This will make their work easier, safer and save them time to 
sort out recyclables from household waste. 
 
Figure 7.1:  An example of an advertisement of the Think Twice campaign in Cape Town. 






Figure 7.2:  An example of a starter pack of the We Care campaign in Saldanha Bay. 
(Credit: © Hugh Tyrell, Green Edge, www.greenedge.co.za) 
Communication and information 
From the comments section of this study and the personal experience of the researcher, it is 
not easy and quite a cumbersome process to obtain any information on the S@S programme.  
The Pikitup website (http://www.pikitup.co.za/seperationsource/) is the best source of 
information.  The website provides a lot of information, but it is mostly text and does not 
make effective use of infographics.  Information is also general in nature and not all pages are 
functioning.  For example, the ‘Find a facility’ page that should display the location of recycling 
facilities via Google Maps is not functioning and displays an error message.  Another example 
is the page that displays the list of suburbs for mandatory separation at source for garden 
waste.  It only provides the name (e.g. Fairland, Ashanti, Victory Park) or the street (e.g. Cedar 
Road) of the garden site, but not the geographical location.   
A good example of a website that provides the necessary information to residents is the Cape 
Town’s waste recyclers website (Figure 7.3).  Users of this website can determine whether the 




allows the user to obtain the closest private recycling facility (both drop-off and buy-back 
centres) or the nearest City of Cape Town drop-off site.     
 
Figure 7.3:  City of Cape Town’s waste recyclers start-up webpage. 
(Credit: © City of Cape Town, https://web1.capetown.gov.za/web1/wasterec/map) 
Information about any recycling programme should be ongoing and not only a once-off 
campaign to alert residents about the programme.  Rousta & Bolton (2019) states the 
information that encourages households to participate in recycling should be provided at 
regular intervals and in an engaging way.  Keramitsoglou & Tsagarakis (2013) expressed a 
similar viewpoint and stated that information and knowledge play an important role in 
increasing the participation rate in recycling.  Meng et al. (2019) found that there is a strong 
correlation between publicity efforts and residents’ participation in waste separation at 
source.  They further state that it is very necessary to carry out extensive education and 
publicity efforts on recycling through various channels.  Other studies that emphasised the 
importance of education, information, feedback and campaigns around recycling are Pakpour 
et al. (2014), Zen et al. (2014), Babaei et al. (2015) and Ma et al. (2018).  A number of 
respondents suggested that ongoing information and feedback about the S@S programme 
would encourage residents to participate in recycling.  Figure 7.4 shows examples of feedback 




only provided encouragement to recycle, but also statistics about recycling participation and 
waste diverted from landfills, as well as contact details. 
 
 
Figure 7.4:  Examples of feedback and information about the Think Twice campaign. 
(Credit: © Hugh Tyrell, Green Edge, www.greenedge.co.za) 
It is the opinion of the researcher that the CoJ are not only not effectively communicating with 
residents regarding recycling in Johannesburg, but that the CoJ and Pikitup are not making 
use of all the communication channels available.  It is common for communities to have a 
residents’ associations, Whatsapp/Telegram groups and Facebook community pages.  By 
getting the ‘buy-in’ of administrators of such groups/pages and residents’ associations, 
information and education about the recycling programme can be disseminated more 






The recycling programme 
Many previous studies (Folz, 1991; Jenkins et al., 2003; Sidique et al., 2010; Halvorsen, 2012; 
Miafodzyeva et al., 2013; Knickmeyer, 2020) demonstrated the effectiveness of kerbside 
programmes at increasing recycling participation.  The CoJ is therefore on the right path to 
divert waste from landfill through the S@S programme.  The findings of the research showed 
that the main reasons respondents did not separate waste at household level are the time it 
takes (36.5%), lack of space to store recyclables (33.6%) and the need for more information 
on recycling (32.0%).  There was also a call from respondents in the comment section to make 
recycling easier.  The current S@S programme requires residents to place dry recyclables in a 
plastic bag and put it out for collection on a weekly basis. It is recommended that the system 
of separating dry is continued, and no further sorting of recyclables are introduced.   
It is also mandatory to separate garden waste and residents are required to drop off their 
garden waste at Pikitup drop-off sites.  However, regarding garden waste, comments provided 
by respondents indicated the lack of transport to drop off recyclables and the distance 
necessary to travel.  Less than a third (30.6%) of South African households own a vehicle 
(StatsSA, 2019e).  A further issue that should be considered in the recycling of garden waste 
is the unwillingness of residents to transport garden waste in their private vehicle.  It is bulky, 
heavy and the possibility exists that it can create a mess in and damage to a vehicle if a bag 
should tear or if the garden waste does not fit into a bag. 
Therefore, the CoJ should consider only requiring the mandatory recycling of a single stream 
of recyclables, namely dry recyclables.  The reason for this is to first get residents in the habit 
to recycle their dry recyclables via a kerbside programme that requires less effort and does 
not involve the transportation of recyclables.  The study conducted by Halvorsen (2012) on 
household recycling activities across 10 countries found that adding additional materials to a 
recycling programme where households are not used to recycling, significantly increases the 
cost of time.   
Introducing a recycling programme requires of households to change their habits and 




programme simultaneous recycling of both dry and wet waste are mandatory.  As 
participation rates increase and recycling becomes the normative behaviour for the majority 
of residents, then only should the recycling of garden waste be introduced.  The researcher 
acknowledges that organic waste is one of the bigger waste fractions, but the recycling of 
garden waste should only be introduced after residents grew accustomed to separating dry 
recyclables for collection.  Alternatively, if it is mandatory to recycling garden waste, a 
separate wheelie bin and collection via a waste truck should be considered.    
New pilot projects 
The CoJ should re-assess the way the recycling programme is operated in the city.  The latest 
figure that could be obtained indicated that only 19.9% of residents participated in the S@S 
programme (Pikitup, 2017).  This is a clear indication that the contribution of the S@S 
programme of diverting waste from landfill is not optimal.  It is therefore recommended that 
a pilot project or projects are done incorporating all the previous recommendations.  The 
purpose of such projects would be to determine what measures implemented contributed to 
an increase in waste separation at source.  Monitoring of recycling participation and feedback 
should be an important part of such projects. 
A pilot project should be first offered to the more affluent and higher-income housing areas 
in which the S@S programme is operating.  Results of socio-demographic factors’ influence 
on recycling showed that even though there is not a statistically significant relationship 
between income level and recycling participation, other factors do play a role.  Residents 
staying in more affluent and higher-income areas tend to have a higher level of education, are 
employed, fall in an older age group and stay in a private house – socio-demographics factors 
that the results of this study showed have a statistically significant influence on participation 
in recycling.  Residents in such areas have more disposable income and would provide 
sufficient volumes of recyclables to make a recycling programme more viable.   
Before commencement of a pilot project, baseline information should be collected on the 
separation at source behaviour of residents.  This baseline information can be collected by 
means of a questionnaire to residents where they indicate their separation at source 
behaviour and other information relevant to recycling participation.  However, although self-




source, first-hand observations should be part of the collection of baseline information.  This 
can be as straightforward as observing how many residents put out recyclables for collection, 
to a more complex analysis that determines the volume and types of recyclables collected. 
The next step would then be to market the recycling programme to residents in the target 
area as outlined above.  With about half of respondents indicating their willingness to pay for 
a wheelie bin for recycling purposes, it is further suggested that a wheelie bin or dustbin be 
incorporated into the pilot project.  The researcher is of the opinion that a dustbin (Figure 7.5) 
would be a better option than a wheelie bin.  The reasons are twofold.  First, a 100l dustbin 
can be bought for around R140, compared to around R1 000 for a wheelie bin.  Secondly, a 
refuse bag can be used to line the dustbin and once it is full, taken out and replaced with 
another refuse bag.  A wheelie bin is not a suitable receptacle for a refuse bags and would add 
complexity to separation of household waste for recycling.  Currently, and it is foreseen to be 
the case in the medium-term, recyclables are put out in bags for collection.  The refuse bags 
used for waste separation should also be either clear bags or coloured bags.  This is to 
distinguish it from the normal black refuse bags used to dispose waste from households.   
 






It is important that the marketing, communication and feedback continue throughout the 
pilot project.  This is so that residents are encouraged to participate and to give feedback to 
the community regarding the success of the project.  For example, a reminder can be send 
out to residents a day before collection of recyclables via Whatsapp/Telegram messages and 
Facebook community pages.  The same platforms can be used to give feedback to residents 
regarding the project.   
After a pre-determined period, follow-up research should be conducted to determine what 
measures are most effective and give the community the opportunity to provide feedback 
and suggestions in improving recycling programmes.  Such follow-up research can be 
conducted by means of self-administered questionnaires using an online platform.  This 
follow-up research should investigate the success of the marketing and communication 
campaign, the use of dustbins/wheelie bins in increasing recycling participation,etc.  There 
are a number of tertiary institutions in Johannesburg and the CoJ should approach these 
institutions to assist in conducting and executing research on pilot recycling programmes.     
The results of the research would indicate what measures are working to increase separation 
at source and the findings can be used in other suburbs with similar socio-economic 
characteristics.  The CoJ should therefore consider running different pilot projects 
throughtout the city based on socio-economic characteristics of suburbs.  The local and 
cultural context of communities play a crucial role in SWM.  As Marshall & Farahbakhsh (2013) 
and Coffey and Coad (2010) stated, residents’ awareness and attitudes towards SWM can 
impact the system – from sorting of waste at source to the participating in recycling 
programmes.  The CoJ therefore must take into consideration the cultural and socio-economic 
aspects of the residents in different communities in Johannesburg.  If not, the recycling 
programme is set up for failure.   
7.6 Recommendations for further research 
This research provided essential information for the CoJ and Pikitup to consider in the 
recycling programme and how to increase recycling participation.  However, like any study 
that investigates recycling behaviour and drivers, there are recommendations for further 




• This study did not investigate the recycling behaviour and drivers of different socio-
economic communities.  A study should be conducted that distinguish between the 
recycling behaviour of low-, middle- and high-income areas. This will allow for 
recycling programmes to be customised for different socio-economic communities. 
• Similar to the above recommendation, a study that investigates the similarities and 
differences in recycling behaviour of residents based on location should be conducted.  
A study that connects separation at source and geographical location can provide 
valuable information for planners of the S@S programme. 
• Respondents indicated that incentives can be a measure that would increase 
participation in recycling and gave examples of such incentives.  A study on the use of 
incentives and rewards in different socio-economic communities may offer the CoJ 
with information about and the use of such incentives and rewards to increase 
recycling participation. 
• A study that investigates the designing, implementation and effectiveness of different 
strategies to promote separation at source would identify successful strategies and 
highlight to the CoJ what publicity efforts work and what does not work. 
• A recommendation was made in the previous section on new pilot projects that the 
CoJ should consider and research associated with it was identified.  Even in the 
absence of a CoJ supported pilot project, a suburb specific study that follows the 
recommendations made, can provide valuable information that can be applied in 
suburbs with similar socio-demographic characteristics. 
• In South Africa, the growth of e-waste is three-times the rate of solid waste and it is 
estimated that only 11% is recycled annually (Lydall et al. 2017).  This study found that 
only 12.4% of recyclers recycled their e-waste.  Furthermore, there are tremendous 
opportunities in e-waste to address the challenges of job creation and poverty while 
at the same time promoting environmental sustainability. Globally and in South Africa, 
a paradigm shift towards a circular economy is taking place where waste is viewed as 
a secondary resource and where the longevity of products is sought to be maximised.  
It is therefore recommended that studies that focus on e-waste be conducted in 
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Appendix A:  Recycling behaviour questionnaire 
SECTION A:  DEMOGRAPHICS (to be completed by all respondents please)  
Please indicate with “X” in the questions below if necessary 
1. In which suburb, city/town and municipality do you live?  (E.g. Randpark Ridge Ext 4, Randburg, City of 
Johannesburg). 
 Suburb:   _____________________________________________________ 
 City:   _____________________________________________________ 
 Municipality: _______________________________________________ 
2. Gender: 
 Female     Male 
3. Age group:  
 20-29  30-39  40-49    50-59  60-65  Pensioner 
4. Race/ethnic group:  
 Black  Coloured       White          Asian/Indian 
5. Employment status: 
 Employed           Part-time employed            Unemployed           Homemaker  Pensioner                        
Student 
6. Highest education level: 
  Some primary school 
 Completed primary school 
 Some high school 
 Completed high school (Matric) 
 Post-matric diploma/certificate 
 Bachelor’s degree 
 Post-graduate degree (Honours, Master’s, Doctorate) 
 
7. Would you classify your total household income per annum as: 
  Lower income (R0 – R50 000 p/a) 
 Emerging middle class (R100 000 – R300 000 p/a) 
 Realised middle class (R300 001 – R500 000 p/a) 
 Upper middle class (R500 001 – R750 000 pa/) 
 Emerging affluent (750 001 – R1 000 000 p/a) 




8. Do you live in a: 
  Private house 
 Townhouse 
 Flat (apartment) 
 Estate 
 Commune 
 Retirement village/old age home 
 Other, please specify: 
 
9. How many people are there in your household?  _____________________________ 
 
SECTION B:  RECYCLING AND THE ENVIRONMENT 
 
1. How aware are you of environmental problems associated with solid waste? 
 1 = Not at all       2 = Slightly            3 = Somewhat   4 = Moderately       5 = Extremely 
 1 2 3 4 5 
 
2. Based on your knowledge and opinion about recycling and the environment please indicate your level 
of agreement with each of the following statements.  The scale ranges from: 
 1 = Strongly Disagree 2 = Disagree 3 = Neutral 4 = Agree 5 = Strongly Agree 
Recycling can reduce pollution 1 2 3 4 5 
Recycling can save landfill space 1 2 3 4 5 
Recycling can conserve natural resources 1 2 3 4 5 
Recycling can improve environmental quality 1 2 3 4 5 
Recycling can provide job opportunities 1 2 3 4 5 
Recycling saves energy 1 2 3 4 5 
People know about the benefits of recycling 1 2 3 4 5 
People need to be educated on recycling 1 2 3 4 5 
It is important to recycle household waste 1 2 3 4 5 
 
3. Are you aware of a city by-law that requires households to recycle or otherwise face a fine? 





4. Do you participate in a recycling project by your local government (like the City of Johannesburg’s 
Separation@Source project run by Pikitup) where you are provided with plastic bags for recyclables? 
 Yes  No       Not available in my suburb  I don’t know if it is available   
 
5. If indicated ‘Not available in my suburb or I don’t know if it is available’ in question 4, are you willing 
to recycle your household waste if such a project becomes available in your suburb? 
 Yes  No  Not sure 
 
6. Have you noticed waste pickers (people that go through waste bins to collect recyclables) operating in 
your area on waste collection days?  
 Yes  No 
 
7. Do you object to waste pickers collecting recyclables in your area?  
 Yes  No  Not sure   
 
8.   If waste pickers are formalised (provided necessary equipment, identifying clothing, sorting facilities, 
etc.) would you object to waste pickers in your area?  
 Yes  No  Not sure  
 
9. Do you recycle any household waste such as plastics, cans, paper, etc.? 
 Yes  No 
 
(If ‘Yes’, please also complete Section C of this questionnaire) 
(If ‘No’, please also complete Section D of this questionnaire) 
 
SECTION C:  RECYCLING BEHAVIOUR IF ALREADY RECYCLING (to be completed if you answered ‘Yes’ in 
question 9 above) 
Please indicate with “X” in the questions below if necessary 
1. Which statement best describes your recycling behaviour? 
  I recycle everything that can be recycled 
 I recycle a lot, but not everything 
 I recycle small amounts  
2. Which of the following items do you recycle? 
  Plastics (bottles, containers, etc.) 
 Paper (newspapers, magazines, etc.) 
 Glass (bottles, jars, etc.) 




 Organic waste (grass cuttings, left-over food, etc.) 
 E-waste (cellphones, TVs, computers, etc.) 
 Batteries 
 Light bulbs 
 Used motor oil 
 Broken household items (e.g. beds, bicycles, etc.) 
 Building rubble 
 Other, please specify: 
 
3. Do you have to travel to dispose of your recyclables? 
  Yes  No   
 
4. If ‘Yes’ in question 3, approximately how many kilometres do you travel to a recycling facility? 
 ____________________________________________ 
 
5. If ‘Yes’ in question 3, how often on average do you have to travel to recycle? 
  Once a week 
 Every second week 
 Every third week 
 Once a month 
 Other, please specify: 
  
6. How do you dispose of your recyclables? (Indicate all applicable) 
  Local service provider (such as Pikitup) collects recyclables 
 Local service provider (such as Pikitup) garden sites 
 Outside bins at my local shopping centre 
 Private company collects recyclables (e.g. Mondi, Interwaste, etc.) 
 Recycling buy-back centre 
 I put my recyclables out for the waste pickers to collect 







7. If recyclables are collected, how often do you put out the recyclables to be collected? 
  Every week 
 Every second week 
 Once a month 
 Other, please specify: 
 
8. If recyclables are collected, how satisfied are you with the recycling service provided? 




 Very unsatisfied 
 




10. Who most often does the recycling in your household? 
  Mother 
 Farther 
 Children 
 Domestic worker 
 Everyone in household 
 Other, please specify: 
 
11. Are you always sure whether an item is recyclable or not? 
  Yes  No   
 
12. Would you: 
  YES NO NOT SURE 
Recycle more if a wheelie bin is provided for recyclables?    
Like to know more on whether an item is recyclable or not?    




Like to know where recycling facilities in your area are?    
Use recycling facilities more often if it were closer to your home?    
Recycle more if you can sell your recyclables at a buy-back centre    
 
13. What are the reasons you recycle?   
  To protect the environment 
 To conserve natural resources 
 To save energy 
 To save landfill space 
 It is the right thing to do 
 I do not know 
 Other, please specify: 
 
14. Would you be willing to pay a once-off amount for a wheelie bin for recyclables?  
  Yes  No  Not sure 
 


















SECTION D:  RECYCLING BEHAVIOUR IF NOT RECYCLING (to be completed if you answered ‘No’ in question 9 
in Section B) 
Please indicate with “X” in the questions below if necessary 
1. If ‘No’ and ‘Not sure’ in question 3, what would hinder your participation in recycling? 
  Too much effort 
 I do not have time to sort out recyclables 
 I first need more information on what is recyclable or not 
 I do not have space to store the recyclables 
 Other, please specify: 
 
2. Would you: 
  YES NO NOT SURE 
Recycle if there is a possibility that you can be fined for not recycling?    
Recycle more if a wheelie bin is provided for recyclables?    
Like to know more on whether an item is recyclable or not?    
Prefer a recycling logo on items to know whether it is recyclable?    
Like to know where recycling facilities in your area are?    
Use recycling facilities more often if it were closer to your home?    
Recycle if you can sell your recyclables at a buy-back centre?    
 
3. Would you be willing to pay a once-off amount for a wheelie bin for recyclables?  
  Yes  No  Not sure 
4. Are you aware of any recycling facilities in your area?  
  Yes  No  
5. Would you make use of these recycling facilities if you knew where they are located?  
  Yes  No  Not sure 
6. How far are you prepared to travel to make use of these recycling facilities? 
  0-5 km  5-10 km 10+ km  Not willing to travel at all   
 
7. What must the City of Johannesburg put in place for you to recycle?  Please answer this question and 








Appendix B:  Recycling driver questionnaire 
SECTION A:  DEMOGRAPHICS  
1. In which city/town do you live?  
 City/town: _______________________________________________ 
2. Gender: 
 Female     Male 
3. Age:  ______________ 
4. Race/ethnic group:  
 Black  Coloured       White          Asian/Indian 
5. Employment status: 
 Employed  Part-time employed      Unemployed              Homemaker Pensioner             
Student 
6. Highest education level: 
  Some primary school 
 Completed primary school 
 Some high school 
 Completed high school (Matric) 
 Post-matric diploma/certificate 
 Bachelor’s degree 
 Post-graduate degree (Honours, Master’s, Doctorate) 
 
7. Would you classify your total household income per annum as: 
  Lower income (R0 – R50 000 p/a) 
 Emerging middle class (R100 000 – R300 000 p/a) 
 Realised middle class (R300 001 – R500 000 p/a) 
 Upper middle class (R500 001 – R750 000 pa/) 
 Emerging affluent (750 001 – R1 000 000 p/a) 
 Affluent (R1 000 001 + p/a) 







8. Do you live in a: 
  Private house 
 Townhouse 
 Flat (apartment) 
 Estate 
 Commune 
 Retirement village/old age home 
 Other, please specify: 
 
9. How many people are there in your household?  _____________________________ 
 
SECTION B:  RECYCLING KNOWLEDGE AND INTENTION  
1. Based on your knowledge and opinion about recycling and the environment please indicate your level 
of agreement with each of the following statements.  The scale ranges from: 
 1 = Strongly Disagree 2 = Disagree 3 = Neutral 4 = Agree 5 = Strongly Agree 
Recycling is good 1 2 3 4 5 
Recycling is useful 1 2 3 4 5 
Recycling is rewarding 1 2 3 4 5 
Recycling is responsible 1 2 3 4 5 
Most people think I should recycle 1 2 3 4 5 
Most people would approve of me recycling 1 2 3 4 5 
Recycling is easy 1 2 3 4 5 
I have plenty of opportunities to recycle 1 2 3 4 5 
Recycling is inconvenient 1 2 3 4 5 
I know what items can be recycled 1 2 3 4 5 
I know how to recycle my waste 1 2 3 4 5 
It would be wrong of me not to recycle 1 2 3 4 5 
I feel I should not waste anything if it could be used 
again 
1 2 3 4 5 
Everybody should share the responsibility to recycle 1 2 3 4 5 
Recycling takes up too much time 1 2 3 4 5 




Recycling is too complicated 1 2 3 4 5 
Recycling reduces pollution 1 2 3 4 5 
Recycling saves landfill space 1 2 3 4 5 
Recycling helps to protect the environment 1 2 3 4 5 
Recycling preserves natural resources 1 2 3 4 5 
I cannot see the point in recycling 1 2 3 4 5 
Recycling saves energy 1 2 3 4 5 
Recycling saves money 1 2 3 4 5 
Recycling creates jobs 1 2 3 4 5 
 
2. Which statement best describes your recycling behaviour? 
  I recycle everything that can be recycled 
 I recycle a lot, but not everything 
 I recycle small amounts  
 I do not recycle 
 
SECTION C:  RECYCLING 
1. Which of the following items do you recycle? 
  Plastics (bottles, containers, etc.) 
 Paper (newspapers, magazines, etc.) 
 Glass (bottles, jars, etc.) 
 Metal (tins, cans, etc.) 
 Organic waste (grass cuttings, left-over food, etc.) 
 E-waste (cellphones, TVs, computers, etc.) 
 Batteries 
 Light bulbs 
 Used motor oil 
 Broken household items (e.g. beds, bicycles, etc.) 
 Building rubble 





2. How do you dispose of your recyclables? (Indicate all applicable) 
  Local service provider (such as Pikitup) collects recyclables 
 Outside bins at my local shopping centre 
 Private company collects recyclables (e.g. Mondi, Interwaste, etc.) 
 Recycling buy-back centre 
 I put my recyclables out for the waste pickers to collect 
 Other, please specify: 
 
SECTION D:   RECOMMENDATIONS FOR RECYCLING  
1. Are you aware of a city by-law that requires households to recycle or otherwise face a fine? 
 Yes  No 
2. Do you think the law that the city by-law that requires households to recycle or otherwise face a fine, 
will increase recycling? 
 Yes  No  Not sure 
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